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Improved Color Films 
for Color Motion-Picture Production 


By W. IT. HANSON, JR., and W. IL. KISNER 


Negative and positive color films have been made available to the industry in 
recent years. Several systems are possible for inclusion of special effects 
when using materials of this type, but the preferred system appears to be 
that using black-and-white separation positives and a color internegative. 
Four materials are described which can be used in a system of this type or 
which can be used in conjunction with existing commercial color motion- 
picture production processes. Three of these materials represent improve- 
ments over earlier products of a similar type which were used in the last few 
years for a number of motion-picture productions. Formulas and procedures 
for use with these new films are given and some of the problems associated 
with printing, process adjustment and control are discussed. 
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During the past few years, a number 
of negative and positive color films have 
been made available to the motion- 
picture industry. Fully appreciative 
of the flexibility offered by a negative- 
positive system from long experience in 
production of black-and-white pictures, 


the industry quickly sought ways to 
utilize these new materials. Some lab- 
oratories incorporated the ma- 


terials into their existing color processes 
while others were able to use them in 
systems of their own design. 

In selecting a system for producing 
color motion pictures, it is well recog- 
nized, as in black-and-white work, that it 
intermediate 
steps between the original camera film 
and the final release print film in order 
to incorporate the various eflects so es- 
senuial to a finished production. Such 


even wher no 


is necessary to employ 


also desirable, 
effects are to be included, to protect the 
original against possible damage. When 
the original camera film is an integral- 
tripack color negative material, there 
are several possible systems which might 
‘These systems are shown 


steps are 


be employed. 
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V. Eastman Panchromatic Separation Safety Film, Type 5216 


I. Introduction 
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diagrammatically in Figs. 1A through 
1D. 

Phe scheme shown in Fig. 1A employs 
black-and-white films for both positive 
and negative intermediate stages. The 
systems shown in Figs. 1B and 1C em- 
ploy black-and-white materials for only 
one of the intermediate stages and a 
material of the integral-tripack tvpe for 
the other intermediate stage. In the 
method shown in Fig. 1D, two color 
materials of the integral-tripack type are 
used for the intermediate steps. 

While many factors both of technical 
and economic nature must be considered 
in choosing a system for production use, 
there are certain obvious objections to 
three of the systems shown. The system 
shown in Fig. 1A is too cumbersome for 
production use because of the necessity 
for printing twice from separations. 
The system shown in Fig. 1B is also 
unsuitable because of the necessity for mak- 
ing the release prints from separation 
negatives. The system shown in Fig. 
1D has the disadvantage that no pro- 
tection is provided against loss of the 
color original or intermediates due to 


ce ylor 
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Fig. 1. Systems of color motion-picture production. 


possible change of the dye images. 
Separation positives or negatives would 
have to be made if such protection were 
desired. In addition, it is unlikely that 
adequate reproduction quality could be 
obtained with such a system at the pres- 
ent time. 

The system shown in Fig. 1C over- 
comes the objections cited for the other 
systems and appears to be the best suited 
to production work. Materials suitable 
for a sysiem of this tvpe are described in 
this paper. 

In 1950, the Eastman Kodak Com- 
pany provided the industry with a color 
negative material (Eastman Color Neg- 
ative Film, Type 5247) and a color 
print material (Eastman Color Print 
Film, Type 5381).' These films were 
used together or separately in various 
commercial for production 
work. In 1951, Eastman Panchromatic 
Separation Film, Type 5216, and East- 
man Color Internegative Film, Type 
5243, were introduced.? A series of 
films was then available which could be 
used together in a system such as that 
shown in Fig. 1C or which could be used 
in conjunction with existing commercial 


proc esses 
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color motion-picture production proc- 
esses. Since that time, numerous color 
motion-picture productions have been 
made utilizing one or more of these ma- 
terials. They have also found extensive 
use in the preparation of slidefilms and 
film strips for commercial and educa- 
tional purposes. 

An ever-increasing need has been felt 
for a color negative material which was 
sufficiently sensitive and which was cor- 
rectly balanced for use in the studio with 
tungsten illumination without the use of 
filters. Early development work on a 
product of this type soon indicated 
that changes could also be made in the 
characteristics of the color internegative 
and print films which would result in 
improved print quality. As a result of 
this program, three new films have now 
been made available and appropriate 
changes have been made in the tech- 
niques for handling them to accomplish 
the desired aims. It is the purpose of 
this paper to describe these new films, to 
discuss procedures for exposing and proc- 
essing them and to indicate some of the 
problems which may be encountered in 
their use. 
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II, Eastman Color Negative Safety Film, Type 5248 


General Description 


The new color negative film is known 
as Eastman Color Negative Safety Film, 
5248. It is a 
tripack, 


integral- 
incorporated-coupler type film 
similar in structure to the previous Type 
247 Film, 
tungsten (approximately 3200 K), rather 
It can, 
of course, be used under daylight condi- 


but balanced for use with 


than for daylight illumination. 


tions or carbon-arc lighting with suitable 
filters 
The structure of the film is shown in 


Plate 


three emulsions sensitive to blue, green 


It is composed essentially of 


and red light, respectively, and coated 
Between 
the blue- and vreen-sensitive lavers is a 


on a single safety film support. 


yellow filter layer which prevents blue 
light from reaching the bottom two emul- 
sion layers, which are also” blue-sensi- 


tive. ‘The emulsion lavers contain dye 
couplers dispersed within them so that, 
after exposure and processing. metallic 
silver and appropriate dye images are 
produced in each layer. ‘The silver is 
later removed from the film, leaving the 
dye images 

As in the case of the earlier Type 5247 
Film, two of the couplers dispersed within 
themselves 


the emulsion —lavers 


‘The 


are 


colored. original color is dis- 


charged in proportion to the amount of 


image dye formed, and the remaining 
colored coupler serves as a mask to pro- 
vide correction for unwanted absorption 
in the process dyes. “The characteristics 
of these colored couplers are similar to 
those which have been described in pre- 
vious 

After processing, the color negative 
appears as shown in Plate Il. Each area 
of the color negative is complementary in 


color to the corresponding area in the 


original scene and, as with other types 
of negatives, the light and dark tones of 
the negative are reversed with respect to 
In addi- 


those of the original subject. 


670 


tion to these characteristics, 4 prominent 


orange color is observed in al! areas of the 
negative which have received little or no 
exposure, because of the color-correcting 


mask remaining in the emulsions 
Characteristics 


Eastman Color Negative Film, Type 
5248, is balanced for use with 3200 K 
tungsten illumination. Under these con- 
ditions, its speed is slightly less than that 
of Eastman Background-N) Panchroma- 


tic Negative Film, Type 5250. Its con- 
trast Characteristics are suitable for use 


with the other materials discussed in 


this paper. The film is also adaptable 
for use with color systems employing 
other films and techniques than those 
described here. ‘The exposure latitude 
is somewhat greater than that found for 


The 


characteristics of Type 5248 Film are 


reversal color films graininess 
slightly better than those of the earlier 
Tvpe 5247 Film. The 


blue-light) absorption provided by the 


correction for 


colored couplers has also been modified 
so that blue subjects are not rendered 
abnormally bright in the reproduction, 
film. 
This results in a lower blue-light density 


as was the case with the earlier 
for the processed film. 

The individual emulsion 
Eastman Color Film, Type 
5248, have keeping properties similar to 


lavers of 
Negative 


negative ma- 
inte- 
gral-tripack color films the requirement 


those of black-and-white 


terials. However, in the case of 
of maintaining the original color balance 


fulfilled. The 


tions are therefore slightly more critical 


must be condi- 


storage 


than those used for black-and-white 


negative materials. For extended peri- 
ods of storage, the film should be kept at 
temperatures not exceeding 55 Fin 
order to minimize color-balance changes. 
Regulation of humidity is not important 
as long as the film remains in the un- 
opened, original, taped can 


Ample 
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Table I. Filters Required With Various Light Sources for Exposure of Eastman 
Color Negative Film, Type 5248. 


Light source * 


Light source 


3200 K None 
“CP” lamps (approx. 

Daylight (sunlight plus some 
skylight ) 

M-R ‘Type 170, 150-amp, high- 


intensity are 


Pungsten lamps or 


3350 


None 


filter required 


Straw-colored gelatin 


Camera filter * 
required 


None 


Kodak Wratten No. 85 


Kodak Wratten No. 85 


filter such as Brig- 


ham Y-1 


M-R Type 40, 40-amp Duare 


printing 


time should be allowed for the film = to 
come to equilibrium with the room con- 
ditions when the film is removed from 
storage, and before the tape is removed 
from the can, in order to prevent conden- 
sation of moisture from the atmosphere 
on the cold film. For a single 1000-ft, 
35mm roll, this would generally require 
about four hours. 

Each of the emulsion layers has latent- 
image keeping properties similar to those 
found for black-and-white negative films. 
However, as is the case with emulsion 
keeping before exposure, the problem is 
more serious with color films because 
changes may occur in the exposed film, 
particularly under storage conditions of 
high temperature and, or humidity which 
will result in changes in color balance. 
It is possible too, that under adverse con- 
ditions. the emulsion layers may be af- 
the backing, 
giving rise to a motile which will print 


fected by antihalation 


through to the positive. It is desirable 
to process the negative film as soon as 
possible after exposure. 
Exposure of Film 

Eastman Color Negative Film, Type 
5248. 
lengths for use in conventional black- 
It is provided with 


is furnished in standard camera 


and-white cameras. 
American Standard negative-type per- 
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Florentine Glass 


Kodak Wratten No. 85 


These are approximate corrections only, since final color-balancing will be done in 


forations, but which have a shorter pitch 


dimension.* Camera magazines are 
loaded in the same manner as for stand- 
ard black-and-white negative materials. 

The camera should be checked photo- 
graphically 


starting any production work, because a 


for correct focus before 


camera which has been adjusted to ob- 
tain critically sharp focus for black-and- 


white materials may not be adjusted 


properly for use with color films 
It should also be noted that different 


types of antireflection coatings cause 


variations in the color quality of the 


light) transmitted by various camera 


lenses. coatings, color 


held within suit- 


In present-day 
variations are usually 
able limits. Some of the earlier types of 
coatings, however, have caused difficulty. 
It is a good plan to check all lenses pho- 
tographically, for any variations of this 
sort, so that they can be interchanged 
without fear of color-balance shifts. 
When 3200 K tungsten illumination is 
used, no filter is required on the camera 
or with the light source. It is also pos- 
sible to use “CP” lamps (approximately 
3350 Ky, since the slight departure in 
color temperature of these sources from 
3200 K can be compensated for in the 
* Proposed American Standard PH22.93, 


35mm Motion Picture Short-Pitch Negative 
Film, Jour. E, 59:527, Dec 1952. 
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Table IH. Illumination (Incident Light) Table for 3200 K Tungsten or ‘“‘CP’’ Lamps 


for Use With Eastman Color Negative Film, Type 5248. 


(Shutter speed approximately 1/50 sec; 24 frames /sec ) 


Lens apertures f/2.3 


Number of foot-candles required 300 


printing operation. ‘The filters required 
when the film is used with light sources 
differing considerably in quality from the 
3200 K tungsten illumination, are given 
in Table I. 

In lighting a set which is to be photo- 
graphed on Eastman Color Negative 
Film, Type 5248, the basic lighting con- 
trast should be fairly soft and the illu- 
mination should be distributed evenly. 
Extremely flat lighting, such as provided 
by extended front-light sources alone, is 
undesirable, however, since the results 
are very uninteresting and lacking in 
character. Some modeling light can be 
employed effectively but with lower 
lighting ratios than those ordinarily 
used for black-and-white photography. 
Lighting ratios should not ordinarily be 
greater than about 3:1, but this will be 
somewhat dependent upon the range of 
reflectances encountered in the subject. 
Where special effects are desired, higher 
lighting ratios may be used, but experi- 
ence is required to obtain the exact effect 
intended, 

In addition to the usual footage ex- 
posed for the purpose of scene identifica- 
tion (slate shots), it is desirable to expose 
additional footage to serve as a color- 
balance reference. It is suggested that a 
neutral test card or gray scale and suit- 
able color patches be included in the 
scene. These should be large enough to 
permit densitometric measurements of 
the processed negative. This is an in- 
valuable ‘aid in later work involving 
color-timing and color-printing. 

The exposure indexes for use with this 
film are: 

Tungsten — 25 Daylight — 16* 


* With Kodak Wratten Filter No, 85, 


f{/2.8 3/35 {/4 0 f/5.6 
400 600 800 1600 


These values are suitable for use with 
meters equipped with calculators for 
ASA_ Exposure Indexes. The values 
also apply if the meter reading is taken 
from a gray card of about 18% reflect- 
ance, held close to, and in front of, the 
subject, facing the camera. For unusu- 
ally light- or dark-colored subjects, the 
exposure should be decreased or in- 
creased, respectively, from that indicated 
by the meter. For meters which are 
equipped for measuring incident light, 
the data contained in Table IT will be use- 
ful. 


Choice of Costume Colors, Make-Up, 
Colors for Set Properties, Artwork, etc. 


Before starting actual production, it is 
desirable to make careful tests of various 
pigments, fabrics, make-up materials, 
etc., and to determine how these colors 
will be reproduced in the final print 
film, using the complete process intended 
for production. The results of these 
tests should be evaluated and carefully 
catalogued for future reference. 
Processing 

Eastman Color Negative Film, Type 
5248, can be processed in conventional- 
type continucus processing machines, 
with minor modifications to allow for all 
of the steps required. The processing 
steps with approximate times are shown 
in Table III. The actual processing 
times will vary somewhat according 
to the individual processing machine, 
depending upon the degree of agitation 
employed, the rate of recirculation, the 
replenisher rate, etc. ‘The most suitable 
material for processing machine construc- 
tion is stainless steel AISI-316. Other 


materials can, of course, be used for 
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Table III. Processing Steps for 
Eastman Color Negative Film, Type 5248. 


10 sec 
10-20 sec 
12 min 
10-20 sec 
4 min 

4 min 

8 min 

8 min 

4 min 

8 min 
5-10 sec 
15-20 min 


1. Prebath 

2. Spray rinse. 

3. Color developer. 
4. Spray rinse 

5. First fixing bath 
. Wash 

. Bleach. 

. Wash 

. Fix 

. Wash 

. Wetting agent 

. Dry. 


processing tanks, provided they are lined 
with hard rubber or lead. 

Since the film is sensitive to light of all 
colors, it must be handled in total dark- 
ness through the first fixing or stop bath 
following color development. The re- 


maining processing operations can be 
carried out in a lighted room. Where 
illumination is needed for dials, meters, 
etc., during color development, a fixture 
fitted with a Kodak Safelight Filter, 
Wratten Series 3, may be used, provided 
such illumination is not incident upon the 
film itself. 

The recommended processing tem- 
perature for this film is 70 F. Tempera- 
ture control equipment should allow for 
holding the developer solution within 
plus or minus three-tenths of a degree, 
the other solutions within one or two de- 
degrees, and the wash water within one or 
two degrees of this value. 

In processing the film, the jet antihala- 
tion backing must be removed before 
the film enters the color developer. A 
solution of the following composition is 
suitable for this purpose : 


Prebath for Jet Backing Removal (Kodak PB-1 ) 


Avoirdupots 


Kodak Borax (sodium tetraborate) 
(Na:B,O;-10H,O)* 

Kodak Sodium Sulfate, desiccated 

Kodalk Balanced Alkali 

Water to make 

pit (70 F), 9.25 + 0.05 


Specific gravity (70 F), 1.098 + 0.003 


20 Ib 
100 Ib 
6} Ib 
120 |b 


U.S. Liquid Metric 

20.0 grams 

100.0 grams 
6.5 grams 
1.0 liter 


2 oz 290 grains 
13} oz 

375 grains 
1 gal 


* In case it is desired to use a grade of borax having only 5 moles water of crystallization, 


the quantity should be reduced to 15 grams per liter. 


The quantity of Kodalk Balanced 


Alkali should also be increased to 10 grams per liter to adjust the solution to the proper 


pH value. 


A treatment time of about ten seconds 
in this solution is sufficient to soften the 
backing. Longer treatment times may 
have adverse effects on the sensitometric 
characteristics. The film is then direc- 
ted to a side tank containing a_ buffer 
wheel, which contacts the base side of 
This buffer 


rotates in a 


the film. is motor-driven 


and direction counter to 
and at a peripheral speed of about one- 
quarter of that of the film itself. The 
buffer wheel is adjusted so as to exert 


only a slight pressure on the film, thus 
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minimizing chances of abrasion. Water 
is continuously supplied to the tank and 
removed particles are flushed to the 
Following the buffing 
tion, the film is given a brief spray rinse 
in order to remove any adhering particles 
of backing, especially those which might 


sewer. Opera- 


have become attached to the emulsion 
surface. 

An efficient squeegee should be pro- 
vided after this spray rinse to prevent 
excessive carryover of the 
color developer. The color-developer 
formula is as follows: 


wate! to 
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Water, about 70-75 F (21-24 GC) 

Benzyl alcohol 

Kodak Anti-Calcium, sodium metaphos- 
phate, sodium hexametaphosphate or 


Calgon (Calgon, Inc.) 

Kodak Sodium Sulfite, desiccated 

Kodak Sodium Carbonate, monohydrated 

Kodak Potassium Bromide 

Kodak Sodium Hydroxide, cold 1007 
solution 

Kodak Color Developing Agent, CD-3, 
4-amino-N-ethyl-N($ -methanesulfon- 


amidoethyl) - m-toluidine —sesquisulfate 


monohydrate 
Water to make 
pH (70 F), 10.75 + 0.05 
Specific gravity (70 F), 1.046 + 0.003 


In the above formula, the Color De- 
veloping Agent. CD-3, is a derivative of 


p-phenvlenediamine, which does not 


normally produce “‘sensitization”’ 


human skin. Its properties, in this re- 


spect, are similar to the well-known 
Kodak Elon Developing Agent. 
An important ingredient of the formula 


is benzyl alcohol. ‘This material serves 
as a “developer booster.” Increases in 


benzyl alcohol content cause an increase 


in speed, contrast and fog level, whereas 


insufficient amounts tend to produce 


symptoms of underdevelopment. The 


effects are not equal for each of the three 


lavers. however. ‘The influence of de- 


velopment time on speed, contrast and 


Water, about 125 F (50 C) 

Kodak Sodium Thiosulfate (Hypo) 
Kodak Sodium Sulfite, desiccated 
Kodak Acetic Acid (28°; ) 


Kodak Boric Acid, crystals 

Kodak Potassium Alum 

Water to make . 

pH (70 F), 4.25 + 0.25 

Specific gravity (70 F), 1.135 + 0.003 


Color Negative Developer (Kodak SD-30) 


First Fixing Bath or Stop Bath Formula (Kodak F-5) 


Avoirdupois— U.S. Liquid Metric 
96 gal 100 fl oz 800 ml 


58 floz 3.9 fl drams 3.8 ml 


2 Ib 115 grains 2.0 grams 
2 Ib 115 grains 2.0 grams 
50 Ib 63 oz 50.0 grams 
1 Ib 60 grains 1.0 gram 


84floz 5, fldrams 5.5 ml 
5 Ib 290 grains 5.0 grams 
120 gal 1 gal 1.0 liter 


fog is, likewise, not equal for the separate 
lavers, nor are the relative effects the 
same as those obtained by variation of 
the benzyl alcohol content. Most of the 
other ingredients of the developer for- 
mula serve the same purposes found for 
black-and-white developers. 

Following color development, the 
film is given a brief spray rinse before it 
enters the first fixing or stop bath. This 
minimizes the tendency for formation of 
carbon dioxide gas and_ possibility of 
blistering when the film passes into the 
acid stop bath. It also helps prolong 
the life of the latter solution. The 


formula is as follows: 


Avoirdupots US. Liquid Metric 


72 gal 80 floz 600 ml 
240 Ib 2 Ib 240 grams 
15 Ib 2 15.0 grams 
5 gal 80 fl 6 fl oz 48% ml 
O7 
73 Ib 1 oz 7.5 grams 
15 Ib 2 07 15.0 grams 
120 gal 1 gal 1.0 liter 
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This solution stops development and 
provides some hardening of the emulsion. 
It also converts the unused silver halide 
salts to complex thiosulfate salts, which 
can be removed by washing. The pH 
of the first’ fixing bath should be 
controlled within the limits indicated be- 
cause high pH values result in formation 
of alum sludge, whereas lower pH values 
result in less effective hardening. 

A water wash is used after the first 


fixing bath to remove the thiosulfate 
salts. Spray washing is preterred for 
this step. An efficient squeegee is also 
desirable to prevent undue carryover of 
water into the bleach tank. 

The bleach bath is used to convert the 
metallic silver of the image and also the 
yellow filter layer to compounds which 
may later be removed by the second fix- 
ing bath. ‘The formula for the bleach 


solution is as follows: 


Bleach for Color Motion Picture Film (Kodak SR-4) 


Water, about 70 F (21 C) 
Kodak Potassium Bromide 


Kodak Potassium Bichromate 
Kodak Potassium Alum 
Kodak Sodium Acetate*.. 
Kodak Glacial Acetic Acid* 


Water to make 


Avoirdupoty U.S. Liquid Metric 


9% gal 96 fl oz 800 ml 
20 Ib 207 290) 20.0 grams 
grains 
5 |b 290 grains grams 
40 Ib 57 yrams 


2! Ib 145 grains grams 


7 gal 26 fl oz .O ml 
fl oz 


120 gal 1 gal diter 


Adjust pH to 3.0 + 0.20 (70 F) with 100% sodium hydroxide solution 


Specific gravity (70 F), 1.038 + 0.003 


* As a substitute for sodium acetate and glacial acetic acid, either of the following combina- 


tions may be used: 


Avoirdupots—U.S. Liquid Metri 


Sodium diacetate 42 Ib 


and 
Sulfuric acid. concentrated 


or 


Sodium diacetate 42 |b 


and 


Sodium bisulfate 42 |b 


It is important to maintain the pH of 
the solution within the tolerance speci- 
fied in order to insure efficient bleaching 
of the silver without bleaching the dye 
images. 

Following the bleach solution, a water 
wash is used to remove soluble com- 
pounds from the film. A spray wash is 
desirable at this point. A suitable squee- 
gee at the end of the operation is also 
desirable to prevent excessive carryover 
to the second fixing bath. 
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5 oz 270 grains 42.0 grams 


123 tl oz 8 fl drams ml 


5 oz 270 grains 42.0 grams 
5 oz 270 grains 42.0 grams 


The film must be fixed at this stage. 
The composition of the second fixing 
bath is the same as that of the first fixing 
bath (Kodak F-5). It is not desirable, 
however, to recirculate the second fixing 
bath solution with the first fixing bath 
solution because bleach solution which 
has been carried over into the second 
fixing bath may cause stain. It is pos- 
sible to recirculate the second fixing bath 
with the general hypo system used for 
black-and-white processing but proc- 
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essed filin should be carefully inspected for 
any signs of stain. It is also possible to 
replenish the second fixing bath by over- 
flow from the first. 

A final washing operation follows. 
Most efficient washing is obtained with a 
spray wash. 

As insurance against drying marks, a 
final bath containing a wetting agent is 
used. A number of wetting agents are 
suitable for this purpose, among which 
are Kodak Photo-Flo solution, Kreelon, 
Alkanol-B and Aerosol. 


taining Kodak Photo-F lo is as follows: 


A solution con- 


U.S. Liquid 
120 gal 


Metric 


Water. 

Kodak 
Photo- 
Flo Con- 


centrate. 


1 gal 1 liter 


31 floz 2drams 2.0 ml 
If it is desired to use one of the other 
wetting agents in place of Kodak Photo- 
Flo solution, tests should be made to de- 
An 
efficient air squeegee should be used at 
the end of this operation to remove excess 
water and to help prevent drying marks. 


termine the optimum concentration. 


Film drying conditions ordinarily em- 
ployed at the present time for use with 
black-and-white negative films are satis- 
this film. (Temperature 
about 70 to 80 F and relative humidity 
of about 40 to 60°%.) 


factory for 


Establishing a Standard Process 


With each individual installation, a 
period of testing is required to arrive at 
the proper conditions to give satisfactory 
results. During this initial testing stage, 
it is important to obtain as much data as 
possible relative to the mechanical and 
chemical conditions of the process and 
the corresponding photographic effects 
observed. 

It is most convenient to record the 
data graphically, so that the processing 
conditions can be evaluated quickly and 


676 


compared with the photographic results. 
Periodic readings of solution tempera- 
tures, flow rates, replenishment rates, 
machine speed and any other mechanical 
data can be plotted immediately on 
charts located in the control room near 
the processing machine. During the 
early stages of operation, such readings 
should be made frequently, say every 
half hour. When the processing condi- 
tions have been stabilized, the frequency 
of measurements can be reduced but in 
no case should they be entirely elimina- 
ted for routine operation. 

In establishing a standard process and 
for process control, facilities for chemical 
analysis of the solutions are a requisite. 
In the early stages of operation, frequent 
analyses are necessary. In routine oper- 
ation, such analyses can be made less 
frequently, according to schedule, unless 
some unforeseen difficulty occurs which 
requires detailed investigation. Chemi- 
cal analysis data are preferably recorded 
in a graphical manner so as to be quickly 
available for inspection and comparison 
with mechanical and sensitometric con- 
trol data. 

Initially, the solutions are made up ac- 
cording to the formulas given above and 
each solution is checked to see that it has 
After 


certain that the solutions have been ad- 


been mixed correctly. making 
justed to the correct temperature, a series 
of sensitometric strips is processed, in 
which the development time is varied 
over a short range on either side of the 
nominal time of twelve minutes. From 
these strips, integral density readings of 
the neutral scale to red, green and blue 
light are made and the corresponding 
A time 
of development is then chosen for which 


characteristic curves are plotted. 


the results are most nearly identical to 
the manufacturer’s standard. 
For the solutions other than the de- 


veloper, the times specified in Table III 
are satisfactory and no additional changes 
should be required. 
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Constituent or 


Solution 


Prebath (Kodak PB-1) 


Specific gravity (70 F) 1 
‘Total alkalinity 
Developing Agent 
Benzyl alcohol 

Sodium sulfite 
Potassium bromide 

pH (70 F) 

Specific gravity (70 P) ] 
Total alkalinity 
Developing Agent C:D-2 
Sodium sulfite 
Potassium bromide 


Color negative developer 


Kodak SD-30 


Color print developer 


Kodak SD-31) 


Table IV. Suggested Chemical Control Standards for Important Constituents of 
Various Processing Solutions for Eastman Color Films. 


chemical factor 


Control 
standard 


pH (70 F) 9,25. 0.90 


+ 0 003 
31.5 = 2.0 
500+ 0 
38+0.4¢/l 
2 00 4 
1 00 4 
10 75 + 0.05 
046 + 0 003 
400+ 20 
300 + 0 25g/1 
40+0 58/1 
200 +0.10¢ 


5 


005 8/1 


pH (70 F) 10.65 + 0.05 
Specific gravity (70 F) 1 023 + 0 003 

Total alkalinity 37.0 = 2.0 

First and second fixing pH (70 F) 4.25 + 0.25 
baths (Kodak F-5) Specific gravity (70 F) 1135 + 0.02 


Hypo index 
Potassium bichromate 


Bleach (Kodak SR-4) 


Potassium alum 

Potassium bromide 
pH (70 F) 3.0 
Specific gravity (70 F) 1.038 + 0.003 


Process Control 


The primary method of control is the 
adjustment of the mechanical and chem- 
ical variables of the process. Mechani- 
cal adjustments are made, when required, 
to keep the machine operating under 
standard conditions. ‘These include ad- 
justments for temperature, recirculation 
rate, film speed, etc. Periodic analyses 
for important constituents of each of the 
solutions are run and appropriate ad- 
ditions are made to keep the composition 
of the solutions within specified limits. 
In this way the process is always restored 
to a condition which is known to produce 
satisfactory photographic results.. The 
control limits for each ct the important 
ingredients are determined on the basis 
of the variations in photographic quality 
which can be tolerated. This empha- 
sizes the importance of careful correlation 
of the chemical analysis and photogra- 
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36 O + 2.0 
50+ 0.5¢/1 
Not critical 
Not critical 
+ 0.2 


phic data. Suggested limits for the im- 
portant ingredients of the various solu- 
tions are given in Table IV. 

To obtain the most uniform results, it 
is preferable to replenish the solutions 
continuously during operation rather 
than by making batch additions at in- 
tervals. Replenisher formulas for the 
various solutions are based on the con- 
sumption of the individual ingredients of 
the solutions as determined from chemi- 
cal analysis data. The replenisher flow 
rate is adjusted to keep the composition 
of the solutions, including the oxidation 
products, within the appropriate limits. 
As has been pointed out by Koerner,‘ at- 
tempts to compensate for an, off-standard 
chemical condition by changing the 
operating conditions can result in a proc- 
ess which is completely out of control. 
Intermittent replenishment fosters this 


situation. 


F 
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\s a secondary control method, sensi- 


lometric procedures are employed. 
(sray-scale exposures are made in an in- 
tensity-scale instrument on the particular 
emulsion number of the film being used 
for the picture negative. It is important 
to use an intensity-scale instrument for 
these exposures rather than a time-scale 
the instrument should 


provide an intensity level close to that at 


instrument, and 


which the film is normally exposed in a 
camera. ‘This is necessary since the re- 
ciprocity-law failure characteristics’ for 
the separate layers of a multilayer color 
identical are 
characteristics the same from one emul- 
It is desirable that the 
color quality of the illumination approxi- 
mate that for which the film is balanced, 
tungsten at 3200 K, 

The Eastman Processing Control Sen- 


film are not nor these 


sion to another. 


sitometer may be used for exposing strips 
on Type 5248 Film. By operating the 
lamp at a current of 7.6 amp, a color 
temperature of approximately 3100 K 
can be obtained, which is sufficiently 
close to the recommended color tem- 
perature of 3200 K. A Kodak Wratten 
Neutral Density Filter No. 96, having a 
density of 1.3, is also required to limit 


the intensity for proper exposure. 


The Herrnfeld Sensitometer* may also 
be used for making sensitometric ex- 
posures on Type 5248 Film, using an 
appropriate lamp and neutral density 
filter. 

Where no actual sensitometer is avail- 
able, it is possible to make sensitometric 
strips on a scene tester, such as the 
Herrnfeld* or Houston-Fearlesst instru- 
ments. Sensitometric exposures can also 
be made in a printer which is provided 
with a full-frame step tablet made on 
black-and-white film. ‘The color 
balance of the printer is adjusted in this 


* Frank Herrnfeld Engineering Co., Cul- 
ver City, Calif. 

Houston-Fearless Corp., 
Calif. 


Los Angeles, 
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combination 
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Fig. 2. Spectral density curves for an 
arbitrary set of filters for measuring red, 
green and blue densities of color films. 


case to give a neutral exposure through 
the tablet onto Type 5248 Film. 

Ordinarily it should be sufficient to 
make only gray-scale exposures on the 
negative film for the purpose of measure- 
ment. However, a set of tricolor ex- 
posures on the same strip of film is useful 
for rapid visual examination. These 
can consist of only a few steps through a 
tablet having a higher gradient than that 
used for the gray scale. Suitable filters 
for such tricolor exposures are the Kodak 
Wratten Filters Nos. 29, 61 and 49. 
The exposed sensitometric strips are proc- 
essed along with the picture negative 
footage. In the processed film, the 
gray-scale exposure appears brown rather 
than neutral in because of the 
colored coupler mask remaining in the 
film. 

The densities of the processed sensito- 
metric strips might be evaluated in sev- 
eral ways but the most convenient 
method is to measure the integral density 


color 
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Fig. 3. Spectral density curves for fil- 
ters designed to read integral densities 
which approximate effective printing 
densities of Eastman Color Negative Film 
and Eastman Color Internegative Film to 
Eastman Color Print Film. 


of each step of the neutral seale to red, 
green and blue light. It is possible to 
make such measurements on densitom- 
eters equipped with any arbitrary set 
of wicolor filters such as the Kodak 
Wratten Filters Nos. 25 (red), 58 (green) 
and 47 (blue), or filters having speci- 
fications similar to those shown in Fig. 
2.~ This type of measurement is useful 
but has certain limitations.© It is 
better to choose the filters so that the 
readings represent the densities which 
the negative film presents to the print 
film. Typical spectral tansmittance 
curves for the red, green and blue com- 


+ 
; 
Fig. 3 are for a densitometer utilizing 
a tungsten source operating at a color 
temperature of 3000 Ko and a_ photocell 
having an S-4 type surface. 
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binations of filters which can be used to 
measure a Close approximation to print- 
ing densities of Type 5248 Film with 
respect to Type 5382 Film are shown in 
Fig. 3. 

During the early stages of operation, it 
is desirable to plot complete characteris- 
tic curves from the integral density 
readings. Such information is valuable 
in work of investigational nature in the 
event of trouble. When a standard proc- 
ess has once been established, several 
sets of sensitometric strips should be run 
at intervals, preferably using a check 
emulsion. ‘These curves should be aver- 
aged to give a single set of characteristic 
curves which should represent the re- 
sults to be obtained for the standard proc- 
ess level. An idealized set of curves is 
shown in Fig. 4. 

For process control, it is only necessary 
to read the densities of four steps of the 


ensity 


Fig. 4. D-log / curves for Eastman Color 
Negative Film, Type 5248. 


Exposure, intensity-scale sensitometer, 1/50 
sec. 

Illumination, tungstea, 3150 K. 

Density, effective integral printing density 
to Eastman Color Print Film, as read 
with filters shown in Fig. 3. 

Densitometer, Eastman Electronic Color 
Densitometer, Type 314. 
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gray scale, one in the toe, a second in the 
upper toe region, a third at about the 
middle of the scale and the fourth at the 
shoulder region of the curve. These 
densities should be plotted at regular in- 
tervals on charts in the control room. 
It should be recognized that the integral 
density curves to red, green and blue 
light do not represent the densities of the 
individual cyan, magenta and yellow 
layers, respectively. Each of the dyes 
has absorptions for regions of the spec- 
trum other than that in which it is pri- 
marily intended to absorb. On this 
account, a change in any one of the proc- 
ess dyes will influence all three curves. 
The curves should be carefully examined 
to see which one shows the greatest de- 
parture from the standard conditions in 
attempting to analyze the cause of the 
processing variations. 

Normally, sensitometric test strips are 
made on the particular emulsion number 
of film used for the picture negative being 
processed, The results obtained from 
such tests represent the combined effect 
of film and process variations. It is de- 
sirable, however, to determine what 
variation exists in the process itself, in- 
dependent of the film characteristics and 
to detect any general drifts in the process 
from day to day. For this purpose a 
“check” emulsion may be used. A num- 
ber of tests are run on several samples of 
this emulsion to determine its average 
photographic characteristics so that it 
will be known what can be expected of 
this film in a standard process. Every 
precaution is taken to store the film under 
good conditions (i.e., at low temperatures, 
say below 55 F) so as to minimize any 
changes in its characteristics over a rea- 
sonable period of time. Each day, 
several samples are selected and sensito- 
metric exposures are made on them. The 
results are averaged and plotted to give 
the trend curve. 


Care of Processed Negative 


Phe processed color negative should be 
treated with a lacquer on both the emul- 


sion and support sides, immediately after 
the drying operation. The Eastman 
Motion Picture Film Lacquer. Bead 
Type,’ is satisfactory for this use. The 


lacquering Operation may be carried out 
in the drying cabinet of the processing 
machine, using a bead applicator which 
confines the lacquer coating to the area 
between the two rows of perforations. 
This procedure is preferable to lacquer- 
ing the entire film, because of troubles 
due to improper film positioning and 
excessive dirt, which might otherwise oc- 
cur during the printing operation. 

If scratches or abrasions which do not 
penetrate through the lacquer coating 
are accidentally put on the film, the 
lacquer can be removed and a new lac- 
quer coating applied. Eastman Motion 
Picture Film Lacquer can be removed by 
treating the film for about two minutes 
in a 5% sodium carbonate solution, 
in Kodak Developer D-16 or in any reg- 
ular black-and-white release positive 
developer. This treatment must be fol- 
lowed by a water wash, two or three 
minutes’ treatment in an acid stop bath 
or fixing bath and a final wash. The 
water wash following the carbonate 
treatment should not be omitted, other- 
wise trouble may be experienced in com- 
plete removal of the lacquer. The 
water used for this wash should also be 
fresh and clean, since only a slight trace 
of acid may prevent removal of the tac- 
quer. The acid stop bath or fixing bath 
is necessary to prevent formation of yel- 
low dye in the highlights. 

Every effort should be made to provide 
the best possible storage conditions for 
the valuable processed color negative in 
order to prevent damage or deteriora- 
tion. Since the film has a safety support, 
no special precautions are required inso- 
far as fire hazard is concerned. High 
temperature or high relative humidity, 
however, can cause change of the dyes in 
processed color films. Relative humidi- 
ties above 60%, promote the growth of 
molds and cause various physical defects. 
At very low relative humidities. motion- 
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picture film may develop excessive curl 
and brittleness. The best conditions of 
storage are those where the film can be 
kept under controlled conditions of tem- 
perature and humidity. A_ relative 
humidity of 40 to 5007 and a temperature 
of 70 F or less are most satisfactory for 
Where it is not possible to 


storage 


General Description 

The new release print material is 
known as Eastman Color Print Safety 
Film, Type 5382 (35mm) and 7382 
(16mm). ‘This material is an integral- 
tripack, incorporated-coupler type film. 
Prints can be prepared on this film di- 
rectly from a color negative made on East- 
man Color Negative Film, Type 5248, or 
from Eastman Color Internegative Film, 
Type 5245. It may also be used for 
making prints from three-color separa- 
tion negatives obtained in various ways. 

This tilm is composed essentially of 
three emulsions sensitized to blue, green 
and red light and coated on one side of a 
single safety film support. The emul- 
sions contain, in addition to the silver 
halide salts, appropriate dye couplers 
dispersed within them. exposure 
and processing, a silver image and a dye 
image are produced in each layer, 
according to the exposure which each 
laver has received. The silver is later 
removed, leaving only the dve images as 
the final result in the picture area. The 
sound-track area, however, is redevel- 
oped to give both a silver and a dye 
image in the track. 

The structure of Eastman Color Print 
Film is shown diagrammatically in 
Plate III]. The top layer is a gelatin 
overcoating to minimize the effects of 
abrasion during the handling of the film. 
The second layer consists of a green- 
sensitive emulsion in which is dispersed 
an uncolored coupler, which, during 
development, produces a magenta dye 
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III. Eastman Color Print Safety Film, Type 5382 (35mm) and 7382 (16mm) 
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furnish controlled humidity conditions, 
the film should be kept in a taped can, 
care being taken to have the equilibrium 
humidity of the film below 60°7 before 
the can is taped. ‘The best insurance, 
however, is to prepare black-and-white 
separation positives in the manner de- 
scribed in a later section of this paper. 


image. <A gelatin interlayer separates 
the two top emulsion layers. The 
fourth layer consists of a red-sensitive 
emulsion containing a colorless coupler 
dispersed within it, which, during de- 
velopment, produces a cyan dye image. 
The fifth layer is a gelatin interlayer. 
The bottom layer is a_blue-sensitive 
emulsion containing a colorless coupler 
which, during development, produces a 
yellow dye. All three emulsion layers 
are initially tinted purplish-blue in order 
to reduce light scatter and to improve 
sharpness. ‘This color disappears during 
processing. On the side of the support 
oppesite the emulsion layers is a remov- 
able jet antihalation backing. 


Characteristics 


Type 5382 Film is supplied in lengths 
of 1000 ft and is perforated according to 
the American Standard PH22.1-1953.* 
The 16mm film is supplied in lengths of 
1,200 ft, perforated according to Pro- 
posed American Standards PH22.5 and 
PH22.12.f 

Eastman Color Print Film is color- 

balanced to allow printing to be done by 
tungsten-quality illumination having a 
* Dimensions for 35mm _ Motion-Picture 
Film, Alternate Standards for Fither Posi- 
tive or Negative Raw Stock, PH22.1-1953, 
Jour. SMPTE, 60: 67-68, Jan. 1953. 
+ Dimensions for 16mm _ Single-Perforated 
Motion Picture Film, PH22.12, and 
Dimensions for 16mm Double-Perforated 
Motion Picture Film, PH22.5, Jour. 
SMPTE, 59: 527, Dec. 1952. 
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color temperature of around 3000 K, 
with appropriate filter systems in the 
printing beam. ‘The contrast character- 
istics are such as to give good tone re- 
production when prints are made from 
color negatives made on either Eastman 
Color Film, ‘Type 5248, or 
Color Internegative Film, ‘Type 5245. 

A new magenta coupler is used in 


Type 5382 Film which results in an im- 


Negative 


provement in the reproduction of red 
hues, as Compared with their reproduc- 
tion with the earlier Type 5381) Film. 
‘The sharpness characteristics of the new 
print film are also noticeably better than 
those of the earlier material. 
Changes in the sensitometric proper- 


ties of each of the emulsion layers of 


this film may occur if the film is stored 
before exposure under adverse conditions 
of temperature and humidity. The prob- 
lem is somewhat more serious with this 
material than with the color negative and 
the storage conditions are somewhat more 
critical. Eastman Color Print Film may 
be stored for periods up to three months 
at temperatures not exceeding 50° 
without significant Changes in properties. 
The lower the temperature at which the 
film is held, however, the slower will be 
the rate of change in properties during 
aging. 
Eastman Color Print Film be 
handled under illumination provided by 
a standard safelight fixture fitted with a 
Kodak Safelight Filter, Wratten Series 8. 
With direct illumination. where the light 
from the bulb shines directly through the 
safelight, the latter should be located not 
less than 4 ft from the working surface 
bulb should be used in the 
Where 


mination is employed, a 25-w bulb may 


and a 15-w 


safelight lamp indirect illu- 
be used in the safelight lamp. It is 
advisable to make safelight tests in each 
room where the film is handled to be 
certain that the operating conditions are 
within safe limits. 

Greater efficiency may be obtained by 


the use of a sodium-vapor lamp, suitably 


632 


Table V. Processing Steps for Eastman 
Color Print Film, Type 5382 and 7382. 


1. Prebath 19 see to 1 
min 
2. Spray rinse 10-20 sec 
3. Color development 12-15 min 
4. Spray rinse 10-20 sec 
5. First fixing bath 4 min 
6. Wash 4 min 
7. Bleach + min 
8. Wash 2 min 
9. Partial drying atte: 
squeegecing 
10. Sound-track develop- 
ment 10-20 sec 
11. Wash 2 min 
12. Second fixing bath $4 mun 
13. Wash min 
14. Stabilizing bath 5-10 sec 
15. Dry 15-20 min 


filtered, to absorb all energy emitted by 
the lamp except that confined to the nar- 
row spectral region which includes the 
yellow lines (at about 589 my) of the 
A suitable combina- 
tion of filters for use with a sodiuim-vapor 
lamp is the Kodak Wratten Filter No. 
23A plus No. 57 
filter of 
needed 


sodium spectrum. 


A neutral tint absorp- 


tion sufficient density is also 
level to 
within safe limits. For this purpose, the 
Kodak Wratten Neutral Density Filter 
No. 96 The particular 


density should be chosen on the basis of 


to reduce the intensits 


can used. 
tests made under the actual working con- 
ditions. 

The storage of the exposed film at 70 
F up to eight hours produces no serious 
changes in the latent image. However, 
printing and processing schedules should 
be arranged to allow processing of the 
film as soon as possible after exposure. 
It is also desirable to keep the interval 
between exposure processing the 
same from day to day or from one process 
to another. 


Processing 


The processing steps for Eastman Color 
Print Film with approximate times are 
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shown in ‘Table V. The formulas for 
the prebath, first and second fixing baths 
and bleach solution are the same as those 
used for processing ‘Type 5248 Film. A 
different color developer formula is used 
for Type 5382 Film. addition, 
special solutions are needed for sound- 
track development and for the stabilizing 
treatment. 

For a specific installation, the process- 
ing times may be slightly different from 


those shown in the table, depending on 


Water, about 70-75 F (21-24 C) 


Color Print Developer (Kodak SD-31 ) 


the amount of solution agitation, the 
film velocity, amount of solution carry- 
over, machine design, etc. “The recom- 
mended processing temperature is 70 F. 
Temperature control equipment should 
allow for holding the developer solution 
within plus or minus three-tenths of a 
degree of the recommended temperature 
and for holding the other solutions within 
one or two degrees and the wash water 
within two or three degrees of this value. 

The formula for the color developer is 


as follows: 


Avoirdupois U.S. Liquid Metric 


100 800 mi 


Kodak Anti-Calcium, sodium metaphosphate, 
sodium hexametaphosphate or Calgon (Cal- 


gon, Inc.) 
Kodak Sodium Sulfite, desiccated 


~ 


2 Ib 115 grains 2.0 grams 
230 grains 4.0 grams 


Kodak Color Developing Agent CD-2 > (2- 
amino-5-diethvlaminotoluene monohydro- 


chloride) 


Kodak Sodium Carbonate, monohydrated 


Kodak Potassium Bromide 

Water to make 

pH (70 F), 10.65 + 0.05 

Specific gravity (70 F), 1.023 + 0.003 


A word of caution is in order about 
handling the Color Developing Agent 
CD-2. This may cause dermatitis (in- 
flammation of the skin) among individ- 
uals exposed to it, and in some instances 
serious complications can result. Only a 
strict adherence to rigid discipline at all 
points where there is contact with this 
chemical or the developer solution will 
hold to a minimum the number of cases 
of chemical dermatitis among laboratory 
personnel, 

Processing of the sound track is carried 
out in a side tank after partial washing 
after the bleaching operation. After 
leaving the wash water, the film is 
thoroughly squeegeed to remove all sur- 
face moisture. ‘Thorough drying is ad- 
vantageous in obtaining uniform sound- 
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175 grains grams 
20 lb 202 290 20.0 grams 
grains 
ear 2 Ib 115 grains 2.0 grams 
. . 120 gal 1 gal 1.0 liter 


track development. Sound-track de- 
velopment can be carried out by means of 
an applicator wheel which applies the 
developer solution only to the sound- 
track area. An applicator wheel which 
is satisfactory for this operation is illus- 
trated in Figs. 5 and 6. The sound- 
track developer is of such viscosity that 
with proper adjustment of the distance 
between the wheel and the film, a bead can 
be maintained to give application over 
the required area. A dial indicator may 
be used to indicate the bead distance and 
an arrangement such as that shown in the 
illustrations should be provided to allow 
adjustment of the distance for proper 
application. The applicator wheel dips 
into a small tray containing the devel- 
oper. The latter should be continuously 
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INDICATOR 


FLOATING GUIDE ROLLER 
(HARD RUBBER) 4 


air 

FixXEO 

GUIDE SQUEEGEE 
ROLLER 


ADJUSTING FIXED GUIDE 


SCREW ROLLER 


STAINLESS STEEL DEVELOPER 
APPLICATOR, MOTOR TRAY 
DRIVEN, PERIPHERAL 
SPEEO 25 FT/MIN 


5. Schematic diagram of sound-track applicator, 


Fig. 6. Sound-track applicator. 
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replenished. The overflow must be 
connected to a separate drain rather than 
allowing it to enter the wash tank, since 
the contamination of the wash water by 
the sound-track developer may cause 
silver development in the picture area. 
Sound-track development requires 
about 10 to 20 sec and a film path neces- 
sary to allow full reaction time must be 
provided before the film is returned 


Sound-Track Developer (Kodak SD-32) 


to the wash water. Excess sound de- 
veloper should be removed from the film 
before it is returned to the wash tank by 
means of a water squeegee so positioned 
as to direct a stream of water along the 
film surface away from the picture area 
toward the sound track. The rinse 
water is collected in a_ catch basin 
equipped with a separate drain. 

The sound-track developer has the 
following composition: 


U.S. Liquid —Avoirdupois Metric 


Solution A 
Water j 77 fl oz 600 ml 
Kodak Sodium Sulfite, desiccated. 5} oz 40 grams 
4 

Kodak Elon Developing Agent* 5} oz 40 grams 
Kodak Sodium Hydroxide (caustic soda) 

while cooling, add with stirring. 103 oz 80 grams 
Kodak Hydroquinone, dissolve completely, . 5! 40 grams 

4 


Solution B 
Gum tragacanth (industrial grade) f. 


* The Elon will not dissolve completely until the sodium hydroxide has been added. 


5.0 grams 


290 grains 


Place in a thoroughly dry, clean, one-liter beaker, then add: 


Alcohol (3A Specially Denatured)? . 


floz 10.0 ml 


Swirl in the beaker until the mixture is distributed over the bottom and on the 


Add: 
Water, about 70 F (21 C) . 
Sodium hydrosulfite 


Mix Solutions A and B and add: 


Ethylenediamine (60-70%, by weight). 


Water to make. . . . . 


sides of the beaker to about one-third its height. 


38 fl oz 300 ml 
8 oz 60 grams 


23 floz 20 ml 
128 fl oz 1000 ml 


(Note: This solution does not keep well and should be made fresh every 48 hr.) 


7+ The purer grades of gum tragacanth are more difficult to get into solution and an 


industrial grade is therefore specified. 


+ Ethyl alcohol, specially denatured ,with technical grade wood alcohol. Minimum 
190 proof. License must be obtained from District Supervisor of the Alcohol Tax Unit 


of the Bureau of Internal Revenue. 


After the sound-track development, 
the film is returned to the wash tank to 
remove any remaining products, which, 
if carried over, would contaminate the 


second fixing bath. The second fixing 
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bath and final wash treatments are the 
same as those described for the Color 
Negative Film. 


The final washing is followed by a 
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formaldehyde stabilizing solution which 
the stability of the 


This 


improves magenta 


image. solution also includes a 


Formaldehyde, about 3767 


Kodak 
solution by weight 

Kodak Photo-Flo Concentrate 

Water to make 


The stabilizing treatment should be 


between 5 and 10 sec. ‘Times of treat- 


ment longer than 10 sec, or excessive 
formaldehyde concentration, cause yellow 
stain. 

The stabilizing bath replenished 
continuously, allowing the overflow to 
pass to the drain. Excess solution is 
removed from the film by means of an 
air squeegee. ‘To prevent) contamina- 
tion of the workroom with formaldehyde 
vapors, a ventilating hood should be pro- 
vided over the stabilizing solution tank. 

Because of the differences in refractive 
indices of the wet gelatin and wet coupler 
solvent remaining in the film, the latter 
has an opalescent appearance before 
drying. Upon drying, the 
indices of the gelatin and coupler solvent 


refractive 


become equal and the opalescence disap- 
Drying conditions normally em- 
ploved for drying black-and-white films 
are satisfactory providing there is suffi- 
cient air circulation so that the emulsion 
High dry- 
excessive 


pears. 


temperature is not excessive. 


ing temperatures may cause 
curl. 
A typical processed print is illustrated 


in Plate IL. 
Establishing a Standard Process 


As in the case of processing of the Color 
Negative Film, a period of operation will 
be required before a standard process can 
be established. The same procedures 
which were discussed in relation to the 
color negative film also apply here. 

Replenishment of the solutions is pref- 
erably carried out in a continuous man- 
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Stabilizing Bath for Color Motion Picture Film (Kodak S-1 ) 


4} gal to 6 gal 
1 gal 26 fl oz 
120 gal 


wetting agent to prevent formation of 
drying marks. ‘The stabilizing bath has 
the following Composition: 


Metric 


U.S. Liquid 


Avoirdupors 


40 to 50 ml 
10 ml 
0 liter 


5 to 6} fl oz 
1 H fl oz 
1 gal 


ner. Replenishment formulas and rates 
should be determined for each installa- 
tion on the basis of the chemical analysis 
data. 


Process Control 

The primary method used for process 
control is the same as that described for 
the color negative process, namely, con- 
trol of the mechanical and 
chemical composition of the solutions. 
Practical operating limits are determined 
by what variations in photographic 
quality can be tolerated. sug- 
gested limits for each of the important 
constituents of the solutions are given in 
Table IV. 


As a secondary or corroborative means 


variables 


sensitometric methods are 


Sensitometric control strips 


of control, 
employed. 
should be exposed in an intensity-scale 
instrument which provides a_light-in- 
tensity level and exposure time compar- 
able to that which the film receives in a 
motion-picture printer. With the ex- 
ception of the Eastman Processing Con- 
trol Sensitometer, the types of equipment 
discussed in the section on ‘Type 5248 
Film are satisfactory. 

The strips can be exposed to give 
single-layer exposures which will result 
in cyan, magenta and yellow dye scales 
in the processed film. The densities of 
the dye deposits can then be measured to 
give integral densities® which will de- 
behavior of the individual 
This technique 


scribe the 
layers of the print film. 
is preferable to making a gray-scale ex- 
and reading integral 


posure densities 
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theretrom, because permits a more 
straightforward analvsis of variations 
occurring in the film and or process. 
With a tungsten light source operating at 
3000 K. the following filter combinations 
may be used in the sensitometer, scene 
tester or printer for making the single- 
layer exposures: 


Emulsion Layer 

to Be Exposed Kodak Wratten Filter 
Red-sensitive . . .No. 29 
Green-sensitive No. 16 plus No. 61 
Blue-sensitive No. 2B plus No. 49 


The dye deposits can be measured on 
a suitable photoelectric color densitom- 
eter using red, green and blue light. 
In a densitometer equipped with a photo- 
cell having an S-4 type surface, such as 
is used in the Eastman Electronic Den- 
sitometer Type 31-A,° filter combinations 
having specifications similar to those 
given in Fig. 2 can be used satisfactorily. 

Idealized curves for Eastman Color 
Print Film are shown in Fig. 7. The 
shouldering of the integral density curve 
for the vellow scale should not be inter- 
preted to mean that the film lacks den- 
sity to blue light in the high density 
regions. Both the magenta and cyan 
dyes have some density to blue light, 
hence when the three layer exposures 
are superimposed, the integral density 
to. blue light in the higher density regions 
is adequate to give a neutral balance. 


Projection of Prints 


Release prints made on Eastman Color 
Print Film can be color-timed during 
printing to give proper color quality in 
the projected image for either tungsten or 
are light projector illuminants. In most 
cases, prints will be balanced for use with 
the latter illuminant. In case it is de- 
sired to use such prints with a tungsten 
projector source, the light quality may be 
corrected approximately with a com- 
bination of a Kodak Wratten Filter No. 
78B and a Kodak Color Compensating 
Filter CC-05G. A print which was orig- 
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inally timed for use with a tungsten 
projector source but which is to be used 


with an are projector, may be correc .ed 


approximately with a combination of 


Kodak Wratten Filter No. 86A and a 
Kodak Color Compensating Filter CC- 
05M over the projector lens. 

Care of Processed Prints 


In order to obtain the greatest pro- 
jection life for the color release prints, 


Log € 


Fig. 7. D-log F curves for Eastman Color 
Print Film, Type 5382. 


Exposure, intensity-scale sensitometer, 
1/100 sec. 

Illumination, tungsten, 3000 K, separate 
exposures through Kodak Wratten Fil- 
ters (1) No. 29, (2) No. 16 plus No. 61 
and (3) No, 2B plus No. 49. 

Density, (1) red density of cyan seale, 
(2) green density of magenta scale and 
(3) blue density of yellow scale, all filters 
of Fig. 2. 

Densitometer, Eastman Electronic Color 


Densitometer, Type 314A. 
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the same precautions concerning splices, 
lubrication, projector maintenance, etc., 
should be observed as those considered 
to be good practice in connection with 
black-and-white release prints.® 


In the interest of obtaining the longest 
life during storage, the same conditions 
should be established as described for the 
color negative. 


IV. Printing Eastman Color Negative Onto Eastman Color Print Film 


It will be desired to print directly from 
color negatives made on Eastman Color 
Negative, onto Eastman Color Print 
Film in preparing work prints in color or 
small quantities of release prints from 
footage containing no special effects. 
Printing Equipment 

The ideal printing 
printing integral-tripack type color neg- 
atives onto similar-type release print 
materials provides facilities for auto- 
matic control of both the exposure and 
color balance for each: scene. 

For some purposes, however, such as 
in making color-balance tests and in prep- 
aration of dailies, printers of more 
limited versatility may be adequate. 
Such printers might provide only for ad- 
justment of the exposure level for each 
scene at a fixed color balance and for 
manual adjustment of the latter. Vari- 
ous modifications of existing black-and- 
white printers have been made and used 
successfully in the industry for these pur- 
poses. 

Modification of the color quality of the 
illumination in a printer can be accom- 


equipment for 


plished in two general ways, by additive 
or subtractive methods. 

In the additive method, red, green and 
blue light of appropriate spectral com- 
position is obtained from either three 
separate filtered from a 
single source in which the light is divided 


sources or 


into three beams by use of beamsplitters 
or prisms and then filtered. The sepa- 
rate light beams are modulated and re- 
printing aperture. 
intensities of each 


combined the 
Modulation of the 
beam is effected by mattes, vanes, dia- 
phragms or neutral density filters which 
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are actuated automatically by means of 
information in the way of notches on the 
negative, magnetic track or other device. 
In this manner, both the color balance 
of the illumination and the overall in- 
tensity can be adjusted correctly for 
printing each scene. 

An additive-type illumination system 
has been described , by Streiffert,!® in 
which the light from a single source is 
divided into three beams, each of which 
is filtered, modulated in intensity by 
rotatable vanes, then recombined at the 
printer aperture. A photoelectric moni- 
toring system is used to adjust the inten- 
sity of the separate beams to provide the 
correct overall intensity and a punched 
tape serves to monitor the system for 
scene-to-scene  color-balance changes. 
At a printer speed of 100 fpm, color- 
balance changes be effected 
within about one-quarter of a frame. 
Some commercial laboratories have 
designed and built additive printers us- 
ing other schemes. 

The additive method of printing is the 
preferred method. The spectral pass- 
bands for the separate light beams can be 
selected by means of the proper filters 
so as to encompass any given group of 
wavelengths appropriate to the spectral 
transmittance characteristics of the neg- 
ative dyes, and the spectral sensitivities 
of the separate layers of the print film. 
The use of narrow-wavelength bands in 
additive printing systems gives results 
which are superior in color saturation to 
those obtained using broader-wavelength 
bands or with subtractive systems. 
Printers employing the additive principle 
are also to be preferred because of their 
versatility. 
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In the subtractive method, a single 
light source is used and portions of the 
energy are subtracted in certain spectral 
regions by means of compensating filters, 
which are inserted in the beam. In 
some cases, neutral density filters are also 
used to keep the overall intensity constant 
for different filter combinations. Ex- 
posure timing is then accomplished by 
means ordinarily employed in black-and- 
white printers. 

In subtractive type printing, the over- 
lapping absorptions of the filters lead to 
certain difficulties. Ideally, such filters 
should have spectral absorptance curves 
with steep gradients, so that changes in 
the energy distribution of the printing 
illuminant can be effected over a specific 
bandwidth consistent with the negative 
dye image spectral transmittance char- 
acteristics and with the spectral sensitiv- 
ity characteristics of the print film. 
Since this is not the case, combinations of 
such filters, especially when a large num- 
ber is used, result in a loss in color con- 
trast and saturation. Furthermore, it 
cannot be assumed that the removal of a 
given filter from a filter pack is equiva- 
lent to adding a complementary color 
filter of the same peak density. Ex- 
amination of the spectral transmittance 
curves for two such packs will quickly 
show that they are not equivalent. 
Furthermore, if neutral density filters 
are used in conjunction with compensat- 
ing filters to keep the overall intensity 
constant for various filter pack changes, 
the departure of neutral density filters 
from complete neutrality may introduce 
further errors. Such a system may be- 
come rather inefficient in the utilization 
of the available illumination. Finally, 
compensating filters cannot be expected 
to remain perfectly” stable over long 
periods of time in high-intensity light 
beams, even when heat-absorbing glasses 
and forced ventilation are used. 

A real challenge to printer designers 
and manufacturers exists to make equip- 
ment available to the industry which will 
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be ideally suited for production color re- 
lease printing. 


Exposure of Color Print Film 


Picture Exposure: Eastman Color Print 
Film requires considerably higher levels 
of illumination to obtain proper exposure 
than those ordinarily used in making 
black-and-white release prints. In a 
Bell & Howell Model D Printer modified 
for subtractive printing, with the neces- 
sary color-compensating filters the 
beam but no neutral density filters, and 
equipped with a 300-w Bell & Howell 
Reflector Lamphouse, the proper ex- 
posure can be obtained through a color 
negative of average density at a printer 
speed of 40 fpm and a printer light setting 
of about 10.) Under such conditions, the 
actual illuminance at the printer gate 
with no negative in position is of the order 
of 9000 For higher production 
speeds, it would be necessary to use 
tungsten lamps of at least 1000-w rating. 

In additive systems, the size of the 
lamps to be employed will depend on the 
efficiency of the optical system and. the 
spectral bandwidth employed for each 
beam. For three light-source printers, 
lamps of 300- to 500-w rating should be 
adequate. For single light-source addi- 
tive type printers, it is advisable to design 
the system to use a 1000-w lamp. ‘This 
will usually permit printing to be done at 
reasonable production speeds even when 
the lamp is operated at voltages some- 
what lower than the rated voltage. 


Filters: In both subtractive and addi- 
tive systems, it is desirable to insert a 
suitable heat-absorbing glass in the beam 
and to provide forced ventilation to keep 
the filters cool. A satisfactory heat-absorb- 
ing glass is the Pittsburgh Heat-Absorbimg 
Filter No, 2043. In subtractive printing, 
the filter pack should contain, in addi- 
tion to the compensating filters, a Kodak 
Wratten Filter No. 2B to absorb. the 
ultraviolet portion of the energy emitted 


by the tungsten source. 
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Table VI. Filter Corrections With Subtractive Printing Systems. 


Effect noted in 
reproduction 


Excessive yellow 
Deficiency in yellow or excessive blue 


Lxcessive magenta 
Deficiency in magenta or excessive green 


Excessive cyan 
Deficiency in cyan or excessive red 


‘The Kodak Compensating Filters are 
supplied in yellow, magenta, cyan, red, 
green and blue in a series of six different 
densities for each color as follows: 

CC-05Y, CC-10Y, CC-20Y, CC-30Y, 
CC-40Y, CC-50Y Yellow (blue-absorb- 
ing), with the same increments in the 
other colors. 

The numbers of these filters, divided 
by 100, indicate the average density of 
the filter in the wavelength regions em- 
braced by the absorption bands of the 
filter. ‘They may be obtained in either 
gelatin sheets or in the cemented-glass 
type, but the former are more convenient 
for use in a printer. A qualitative de- 
scription of the influence of these filters 
on the color balance of the final prints is 
given in Table VI. 

In case it is desired to incorporate 
neutral density filters in the beam, in 
addition to the color-compensating  fil- 
ters, the Kodak Wratten Neutral Den- 
sity Filter No. 96 is available in various 
densities, in gelatin sheet form or ce- 
mented-glass type. 

For additive systems, each of the three 
light beams must be filtered appropriately 
to give red, green and blue light, respec- 
tively. It is possible to use various filters 
for this purpose, but better results are ob- 
tained if the filters are so chosen to 
give light confined to relatively narrow 


Correction needed 
in filter pack 


Add yellow filter, (CC-O05Y ), et 

Remove yellow filter, (CC-05Y ), etc. or 

Add blue filter, (CC-05B). ete. on 
(CC-05M + CC-05C) ete 

Add magenta filter, CC-05M, ete. 

Remove magenta filter, (CC-05M, ete. ) 


or 

Add green filter, (CC-05G et 
(CC-05C + CC-O5Y) ete 

Add eyan filter, (CC-05C, et 

Remove cyan filter, (CC-05C, ete.) or 

Add filter, (CC-05R. ete.) or 
(CC-05Y + CC-05M) etc. 


spectral regions with peak transmittances 
appropriate to the transmittance char- 
acteristics of the negative image dyes and 
to the peak sensitivities of the emulsion 
layers of the print film. For a three- 
light source type printer, a suitable com- 
bination of filters is as follows 


Light Wratten 

Beam Heat-Absorber Filter No. 

Red Pittsburgh  Heat- 
Absorbing Filter 
No. 2043 

Green Same as for red = 57 plus 15 
beam 

Blue = Same as for red 4°B plus 2B 
beam 


In additive printers employing a single 
light source, the choice of filters will de- 
pend on the design of the beamsplitting 
system. Use of interference-type di- 
chroic mirrors gives the most efficient use 
of the available light. Such mirrors can 
be made to give sharp cutotls at speci- 
fied wavelengths and high efficiency in 
regions of the spectrum in which they are 
intended to reflect. ‘These mirrors can 
be combined with certain Kodak Wrat- 
ten Filters to give the required spectral 
bands. The following specifications for 
bandwidth and wavelength of maximum 
transmittance: for filter combinations are 
suggested 
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Wavelength 
of Maximum 
Bandwidth, 


mu 


Light Transmittance, 


Beam 
Red 
Green 


Blue 


my 
690 67 
545 
455 


5-700 
510-580 
430. 470 


Color Balancing of Printers: In adiusting 
the color balance of a printer for use with 
a given emulsion number of print stock, 
the most practical procedure is to make a 
series of exposures at various light-in- 
tensity levels from a set of selected color 
negatives which are known to have re- 
ceived standard color negative process- 
ing. Such negatives should include 
several ditlerent types of subject: matter 
and least. 
close-ups of people. 


some, al should 
Such test negatives 
should preferably include in the original 
scene a gray scale and color patches. 
In practice, it is generally found that the 
gray scale is not reproduced as a gray 
scale in the print when the color balance 
of the printer has been adjusted to give 
How- 


ever, it is desirable to know just how such 


the most pleasing picture quality. 


a scale is reproduced because this may be 


helpful when rebalancing a printer for a 


new emulsion number of print stock. 

Picture padgments should be made, in 
the beginning at least, under the stand- 
ard projection conditions which will be 
used for projection of the release prints. 
As experience is gained in making such 
judgments. it is possible to correlate them 
with judgments made with the aid of a 
suitable table projector. 

When a 


new emulsion 


print stock is to be used, a new series of 


tests must be made to readjust the color 
balance of the printer for the new stock. 
If sensitometric comparison tests Have 
previously been made on the two stocks, 
the results of such tests can be used as a 
rough guide in determining the changes 
which will be required for the new prin- 
ter balance 
tests cannot be used as a precise guide in 
the conditions will 


Sensitometric Comparison 


most cases because 
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consist. of 


number of 


often be governed by the particular por- 
tion of the characteristic curve of the 
print film which is utilized for printing 
each of the test scenes. Slight differences 
in toe shape or other characteristic may 
therefore influence picture quality more 
than is realized from an examination of 
the sensitometric curves. 

Color-Timing: In printing color nega- 
tives onto Eastman Color Print Film, a 
difference in overall exposure amounting 
to about 0.04 log exposure unit (about 
one Bell & Howell Printer step) is ap- 
parent in the print. With 
color balance, an even smaller change in 
the printing exposure of one emulsion 
layer relative to the other two is apparent 
The varia- 
tions both in exposure and color balance 
which can be tolerated for a particular 


respect to 


as a color-balance change. 


scene, however, will depend on the scene 
composition, the subject) matter, the 
brightness range of the scene, and whether 
a deliberate departure from neutral 
balance must be aimed for in order to 
compensate for certain adaptation ef- 
fects. 

Color-timing demands considerable 
experience in printing a wide variety of 
and careful of the 
results obtained in the final projected 
picture. It is helpful, in the beginning, 
to make a series of picture tests, on the 


scenes observation 


equipment to be used for production 
printing, which will show the effects 
produced in the print by small changes 
in overall exposure and color balance. 
These test strips should be mounted and 
kept on hand for ready reference. 

It is possible to estimate roughly what 
photographic effect will be obtained for a 
given color-balance change in the printer 
by observing a test print through  pre- 
viously calibrated viéwing filters made 
up from selected combinations of color- 
better 


however, is to employ some type of in- 


compensating filters. system, 


strument, such as the Herrnfeld Scene 
‘Tester or Houston-Fearless Scene ‘Tester, 
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which will allow a test print to be made 
in which successive frames of the same 
scene are printed at a slightly different 
color balance. The frame which ap- 
pears to have the best color balance for 
that scene can then be selected. 

Even though each scene is correctly 
color-timed, further modification in the 
color balance may be required when a 
given scene is assembled with other 
scenes to give the cut negative for release 
printing. Such changes are often neces- 
sary to overcome adaptation effects re- 
sulting from observation of the scene 
immediately preceding the scene in 
question when the print is projected. 
These changes can only be decided upon 
after looking at the first trial release 
print. 


Printer Control: Ut is important to have 
some means for frequent checking of the 
printer with respect to intensity and color 
quality of the illumination at the printer 
aperture. suitable photoelectric 
method has been described in a previous 
paper by Horton." 


Sound-Track Exposure: The sound 
track may be printed optically or by 
contact’ from black-and-white sound 
negatives made in the conventional 
manner. Either  variable-density — or 
variable-width sound tracks be 


printed satisfactorily. Under optimum 
exposure conditions, the frequency re- 
sponse obtainable with Eastman Color 
Print Film, Type 5382, is better than 
that obtainable with the earlier Type 
5381 Film but is not equivalent to that 
obtained from black-and-white prints on 
Eastman Fine Grain Release Positive 
Film, Type 5302. 

The sound-track image is exposed in 
the top two layers of the print film. This 
is accomplished by the use of the filter 
combination: Kodak Wratten Filter 
No. 12 plus No. 2B plus Kodak Color 
Compensating Filter CC-50C. 

The exposure level should be adjusted 
on the basis of listening tests or, if equip- 
ment is available, on the basis of inter- 
modulation tests for variable-density 
tracks or cross-modulation tests for 
variable-width tracks. With such tests, 
it is possible to determine the print den- 
sity for the unbiased, unmodulated track 
which will result in adequate cancellation 
and minimum distortion in the repro- 
duced sound. ‘The optimum print den- 
sity for the Type 5382 Film is somewhat 
lower than that for the Type 5381 Film. 

Since the sound track consists of both 
silver and dye images, the densities should 
be determined on a densitometer which 
has been modified to permit density 
readings to be made in the infrared, as 
described by Lovick.”” 


V. Eastman Panchromatic Separation Safety Film, Type 5216 


General Description 


As outlined in Fig. 1C, black-and- 
white separation positives are prepared 
for the purpose of introducing special ef- 
fects for creating dramatic emphasis, 
enhancing the mood of the story, ete. 
In preparation of such separation posi- 
tives, it is also possible to correct portions 
of the origina! negative footage for con- 
trast, density or color balance in cases 
where unavoidable or accidental varia- 
tions have occurred in either or both the 


exposure and processing of the original 
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Even when not 
used for the above purposes, separation 
positives should be made to serve as 
protection masters for the valuable orig- 
inal in the event of damage tothe 
latter during handling or printing. 


color negative film. 


Characteristics 

Eastman Panchromatic Separation 
Safety Film, Type 5216, is a 35mm 
black-and-white panchromatic material 
having very low graininess and high defi- 
nition. ‘The graininess is of the same 
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order as that obtained with Eastman 
Fine Grain Panchromatic Duplicating 
Film, Type 5203; but the contrast range 
available, when processed in most stand- 
ard negative developers, is somewhat 
higher. The definition is superior to 
that obtained with Type 5203 Film. The 
panchromatic sensitivity of this film 
extends far enough into the longer wave- 
lengths to permit use of a Kodak Wratten 
Filter No. 70 for preparation of the red 
separation positive. The film contains 
an absorbing dye in the emulsion, which 
is not fully removed during the process- 
ing. This dye imparts a greenish tint 
to the processed film. 

The emulsion is coated on a clear 
safety base and the film is perforated with 
American Standard Negative perfora- 
tions. Rolls are supplied in 1000-ft 
lengths with standard cores and winding. 

The film may be handled under illu- 
mination provided by standard safelight 
fixtures, fitted with a Kodak Safelight 
Filter Wratten Series 8 or the Wratten 
6B, ordinarily employed for use in han- 
dling x-ray materials. 

Eastman Panchromatic Separation 
Safety Film may be stored under the 
conditions used for storage of Eastman 
Fine Grain Panchromatic Duplicating 
Negative Film, Type 5203. For periods 
of time up to one month, the storage 
temperature should not exceed 65 F. 
For storage periods up to six months, 
the temperature should not exceed 50 F. 


Processing 


This film may be processed in most 
developers ordinarily used for process- 
ing black-and-white negative materials. 
Since formulas for black-and-white neg- 
ative processing vary widely from one 


laboratory to another, no specific times, 


of development can be given. Where no 
particular negative formula is readily 
available, it is suggested that the Kodak 
Developer D-76 with additional potas- 
sium bromide (0.4 gram per liter) be 
used. Recommended processing tem- 
perature is 70 F. Fixing and washing 
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operations may be the same as those used 
for regular black-and-white negative 
films. <A typical set of processed separa- 
tion positives is shown in Plate IT. 

In all cases, it is recommended that 
sensitometric test strips be prepared for 
the blue, green and red separation posi- 
tives using in the sensitometer a tungsten 
light source and the filter packs normally 
used for making separation positives 
(given in a later section of this paper). 
A series of development times should then 
be given for each of the three separations, 
using the particular negative formula and 
equipment available and from these 
time-gamma curves may be derived in 
the usual way. A development time 
may then be chosen to give the desired 
gamma according to the requirements of 


Fig. 8. D-log / curves for Eastman Pan- 
chromatic Separation Film, Type 5216. 


Exposure, intensity-scale sensitometer, 1/25 
sec. 

Illumination, tungsten, 3000 K, plus Kodak 
«Wratten Filters (1) No. 70 plus No. 96 
(D = 0.40), (2).No. 16 pius No. 61 plus 
No. 96 (D = 0.10) and (3) No. 47B plus 
No. 2B. 

Processing, Kodak Test Developer SD-28. 

Density, diffuse density. 

Densjtometer, Eastman Electronic Color 


Densitometer, Type 31A. 
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the process. ‘This is discussed in greater 


detail in a later section of the paper. 
‘Typical sensitometric curves for this film 


are shown in Fig. 8. 


Densitometry 


Densitometry of the red, green and 
blue separation positives may be carried 
ordinarils 


black-and-white 


out with any densitometer 


employed — for films. 
If a visual-type instrument is used, a 
piece of fixed-out film or a green filter 
should be placed in the comparison beam 
to facilitate 


of the instrument in order 


making the readings 


Care of Processed Film 


Proper storage of the processed separa- 


tions is important in order to prevent dil- 
ferential shrinkage and to that 
perfect registration will be attained when 


assure 


these films are printed onto the subse- 
quent color internegative or other ma- 
terials. It is important that all three 
films be treated alike, as nearly as pos- 
sible, after leaving the drying cabinet 
and up to the time they are printed 
Each of the separations should be wound 
in the same direction on a 4-in. diameter 
core and placed in taped cans. It is also 
that the and 


humidity conditions of the various work- 


important temperature 


wherever the 
handled, be 


rooms, separations are 


maintained within close 
limits, in order to minimize ditlerences 


in shrinkage. 


VI. Eastman Color Internegative Safety Film, Type 5245 


General Description 


Eastman Color Internegative Safety 
Film, Type 5245, is a new material de- 
signed to replace the former ‘Type 5243 
Film and is used as shown in Fig. 1C, 
for preparation of the color internega- 
black-and-white 
Such a 
will contain the special effects. 


tive from separation 


positives, color internegative 
‘The 
printing characteristics of the color in- 
ternegative film are designed such that it 
can be intercut with original negatives 
made on Color Negative Film, ‘Type 
5248. 

It may be feasible, of course, to pre- 
pare a color internegative of the entire 
footage which can be printed at a single 
‘This might 
be desirable, for example, for foreign re- 


exposure and color balance. 


lease printing. 

The film has the same structure as the 
Color Film, 

A cross section is shown 
The top 
layer of the film is a clear gelatin over- 
The next 
blue-sensitive emulsion in which is dis- 
This 


The 


earlier type Internegative 
Type 52432 
diagrammatically in Plate IV. 
coating. layer consists of a 
persed a yellow-colored coupler. 
coupler produces a magenta dye. 
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third 
Beneath this is a bDlue- and green-sensi- 


layer is a clear gelatin § layer. 
tive emulsion in which is dispersed a 
This 
The fifth 
layer is a gelatin interlayer which sepa- 


reddish-orange colored coupler 
coupler produces a cyan dye. 


rates the two bottom emulsion lavers. 
The bottom emulsion layer is a blue- and 
red-sensitive emulsion which contains a 
colorless coupler. “Phis coupler produces 
a yellow dye. On the side opposite the 
emulsion lavers is a removable jet anti- 
halation backing. 

The dye image obtained in a given 
layer does not bear a complementary 
relationship to the spectral sensitivity of 
that emulsion layer as is found for Color 
Negative Film, Type 5248, and many 
The 


complementary relationship between the 


other types of color films. non- 
dye image and spectral sensitivity of each 
laver is an advantageous scheme for 
avoiding loss of definition during the 
duplicating process. 

Such an arrangement, however, causes 
no difficulty for the use intended, pro- 
vided that the proper separation posi- 
tives and filters are used to print each 


layer. Of course, if this film were used 
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in a camera for original photography, 
false color rendering of each area of the 
original scene would be obtained. 


Characteristics 


The emulsion and latent-image keep- 
ing properties of Eastman Color Inter- 
negative Film, Type 5245, and the 
storage requirements are similar to those 
previously described for Color Negative 
Film, Type 5248. 

Eastman Color Internegative Film is 
furnished on a clear safety base with jet 
antihalation backing in 400- or 1000-ft 
lengths. It is provided with American 
Standard Negative type perforations but 
having shorter pitch dimensions. * 

The speed of this material is very low 
and a high-intensity light source and 
efficient optical system are needed in the 
sufficient 


printer to obtain 


The contrast characteristics are appro- 


sure. 


priate for printing onto Eastman Color 
Print Film, Type 5382. 
what higher than those of the former 
Color Internegative Film, ‘Type 5243, 
hence lower contrast separation positives 


‘They are some- 


are required when printing onto this 
material than with the earlier type film. 
The this 


material are improved over the earlier 


graininess characteristics of 


type film, 
Processing 


Processing of Eastman Color Inter- 
negative Film, ‘Type 5245, is carried out 
in the same solutions and in the same 
manner as used for processing Color Neg- 
ative Film, Type 5248, with the excep- 
tion that the color development time is 
Qmin. As with the Type 5248 Film, the 
actual processing times will vary some- 
what with individual processing ma- 
chines, depending upon the degree of 


agitation employed, replenishment rates, 


* Proposed American Standard, PH22.93, 
35mm Motion Picture Short-Pitch Nega- 
SMPTE, 59: 527, Dec. 


Film, Jour. 


tive 
1952. 
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etc. typical processed color inter- 


negative is shown in Plate II 


Process Control 


The procedures previously described 
for establishing a standard process for 
the Type 5248 Film apply equally well 
here. tester 
used for 
strips on 


The sensitometer or scene 
exposing the sensitometric 
Color Internegative Film 
should provide an intensity level and 
exposure time comparable to that which 
the film receives in a step printer. ‘The 
sensitometric strips must be exposed in 
such a way as to give a neutral scale. 
This is required in order to permit cal- 
culation of the gammias for the separa- 


With 


approximate 


tion positives. such neutral 


scale, integral printing 
densities to red, green and blue light can 
be obtained using the filters shown in 
Fig. 3, in the densitometer. 

To make the neutral scale exposure on 
Color Internegative Film, it is necessary 
to make three separate, superimposed 
exposures with red, green and blue light, 
using the same filter combinations used 
when printing the separation positives 
onto the Color Internegative Film. ‘The 
exposure times for the individual expo- 
sures which will result in a balanced 
exposure for the neutral scale must be 
determined by trial on the equipment 
being used. 


Suitable filter combinations for the 
three exposures are as follows: 
Exposure Kodak Wratten Filter 
Red No. 29 
Green No. 16 plus No. 61 
Blue No. 34 plus No. 38.4 
When a sensitometer or scene tester 


is not available, it is possible to make 
these superimposed exposures in a 


This black-and- 


white negative containing a step tablet 


printer, requires a 


On Cat h successive frame, as nearly 


identical as possible. Such a negative 


could) be made in a title camera by 


photographing precalibrated  gray- 
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scale test object. Repeat 
through this tablet, using the above 
filter combinations, could then be made 
onto the Color Internegative Film. 

curves for 


Type 


exposures 


Idealized sensitometric 


Eastman Color  Internegative, 


5245, are shown in Fig. 9. 
Care of Processed Color Internegative 


Since the color internegative will, in 
many cases, be intercut with original 


General Procedure 

The procedure for making 
separation color inter- 
negatives from original color negatives 
is illustrated diagrammatically in Plate 
V. The first step involves the prepara- 
tion of the separation positives by means 
of exposures through appropriate red, 
green and blue filter 
The second step calls for printing these 
separations onto the proper layers of 
Color Internegative Film, using a dif- 
ferent set of filter combinations. The 
resulting color internegative then 
printed onto Color Print Film in the 
same manner as is done when printing 
from the original color negative. 


general 
positives and 


combinations. 
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VII. Making Separation Positives and Color Internegatives 


Fig. 9. D-log FE curves for Eastman Color 
Internegative Film, Type 5245 


Exposure, intensity-scale sensitometer, 1/25 
sec. 

Illumination, tungsten, 3000 K, with super- 
imposed exposures through Kodak Wrat- 
ten Filters (a) No. 29 plus No. 96 
(D = 0.60), (b) No. 16 plus No. 61 and 
(c) No. 34 plus No. 38A plus No. 96 
(D = 0.20). 

Density, effective integral printing density 
to Eastman Color Print Film, as read 
with filters of Fig. 3. 

Densitometer, Eastman Electronic Color 

Densitometer, Type 31A. 


release 


used for production 
printing, it is important here, as in the 
case of the Type 5248 Film, to lacquer 
the film in order to protect the emulsion 
from permanent damage due to scratches. 


negative 


Processed Color Internegative Film 
should also be stored under conditions 
which will prevent damage or deteriora- 
tion. The information previously given 
with respect to storage of the processed 
Type 5248 Film, is equally applicable for 
this material. 


Since the emulsion layers of Color 
Internegative Film have effective sensi- 
tivities which do not bear a complemen- 
tary relationship to the color of the dye 
images produced in them, the actual 
color of the filter packs used in exposing 
the three layers may be misleading and 
some confusion may occur. To avoid 
this situation, it is helpful to refer to the 
blue separation positive as the “yellow 
printer,” as indicated in Plate V, because 
it controls the amount of yellow dye 
image produced in the internegative. 
Similarly, the green- and red-separation 


positives are referred to as the “magenta 
printer” and “cyan printer,” respec- 


tively. It is also helpful to refer to the 
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filter combinations used for printing the 
separations onto the internegative film 
as the “yellow printer pack,” the “‘ma- 
genta printer pack” and the “cyan 
printer pack,” rather than by their 
actual color. 


Equipment 

The general requirements regarding 
equipment, the techniques to be em- 
ployed and the precautions to be 
observed in order to obtain accurate 
registration, are much the same as those 
used in process work or with other color 
materials. When effects are to be in- 
cluded in the separation positives, it is 
necessary to employ optical-type 
registering printer. If no effects are to 
be included, then a contact step printer 
of the registering type may be used, 

In_ order to obtain exact registration 
in both making and printing the separa- 
tion positives, it is essential that for both 
stages of operation the full-fitting regis- 
tration pin of the printer fall in the same 
perforation relative to the frame being 
printed. This may be accomplished by 
having separate printer gates for each 
of the printing steps, with the full-fitting 
pin in the proper position, or by having 
two illumination systems in the printer. 

In a contact printer, duplicate optical 
systems, each consisting of a light source, 
filterholder and shutter, allow printing 
to be done from either side of the gate. 
The separation positives can be made 
with the original color negative to the 
left of the separation film raw stock and 
the positives can be printed onto the 
internegative raw stock with the latter 
in the lefthand position, In this way, 
all printing can be done emulsion to 
emulsion and the registration pins can 
be positioned in the same perforations 
relative to the frame during both stages 
of handling the separations. 

Since the speed of the separation and 
internegative films is very low, the 
printer used in both stages must utilize a 
high-intensity light source and an optical 
system of high efficiency. 
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Making the Separation Positives 

Filters: For making separation posi- 
tives from originals made on Eastman 
Color Negative Film, Type 5248, the 
following filter combinations are used: 


Separation Kodak Wratten Filter 
Blue Separation or 
Yellow Printer No. 47B plus No. 2B 
Green Separation or 
Magenta Printer No. 16 plus No. 61 
Red Separation or 
Cyan Printer. . No. 70 


Exposure: Because of slight differences 
in curve shape, improper reproduction 
of certain colors in the highlight regions 
of the scene may result if the highlight 
areas are exposed on the extreme toe 
portion of the curve. On the other 
hand, if exposure is too great, problems 
may be encountered when printing the 
separation positives onto the internega- 
tive film because of insufficient light in 
the printer. 


Making the Color Intersegative 

Filters: For exposing the Color Inter- 
negative Film from the separation posi- 
tives, the following filter combinations 
are suitable: 

Filter Pack Kodak Wratten Filter 
Yellow Printer Pack No. 29 
Magenta Printer 

Pack. . .. . No. 34 plus No, 38A 
Cyan Printer Pack. No. 16 plus No. 61 


Exposure: Vhe exposure should be ad- 


justed so that the overall density of 


the color internegative is slightly higher 
than a normally exposed original color 
negative. In no case should the color 
internegative be as light as an under- 
exposed original negative. It is impor- 
tant that the picture be placed high 
enough on the characteristic curve of the 
internegative to avoid excessive dis- 
tortion in shadow tone reproduction. 


Calculation of Required Separation Posi- 
tive Gammas: The overall gamma of the 
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duplicating step must be unity if it is 
desired that the internegative have the 
same contrast characteristics with re- 
spect to the print film as those of the 
original negative. This will be the case, 
in general, although there will be some 
instances where it will be desired to 
increase or decrease the contrast of the 
internegative relative to that of the 
original. The contrast relationships in 
the duplicating system may be stated as 
follows: 


X yar X 
Print-through (1) 


VY > 


where 
YN—> vein) = Process gamma of original 
color negative with respect 
to Separation Positive 
Film, Type 5216. 
= Process gamma of separation 
positive, 
»= Process gamma of inter- 
negative with respect to 
Color Print Film, Type 
5382. 
= Print- 
through gamma of inter- 
negative with respect’ to 
Color Print Film, ‘Type 
5382. 


Print-through 


If the process gamma of the original 
determined with a 
equipped with a set of 


color negative is 
densitometer 
filters (such as those shown in Fig. 3) 
which give approximate printing densi- 
respect: to Color Print Film, 
5382, the value for 
—> se) Can be calculated by using 
factor. different 
rection factor will be required for each 
of the filter combinations, thus: 


ties with 
‘Type correct 


a correction cor- 


5382) = YON — 5216) 
(for the red combination) (2) 


= 
(for the green combination ) 


P,, x = 5216) 


(for the blue combination ), 
where P,, P, and P, are the constant 
correction factors which must be deter- 
mined for the particular filters and densi- 
tometer used, 
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For the most general case, where the 
printing contrast of the internegative is 
to be equal to that of the original nega- 
tive, we have: 

i382) = 
Print-through (5) 
Equation (1) then reduces to 
P X X = 1 


Hence, 


1 
rx 53482) 


Ysp 


Using the correction factors P,, P, and 
P,, and the measured process gammas 
from an internegative control strip, it is 
then possible to calculate the required 
gammas for the positives 
from Eq. (7). 

In order to make use of Eq. (7), the 
internegative film exposure time for the 
control strip must not differ from that 
used for the final internegative and the 
density regions of the internegative 
characteristic chosen for meas- 
urement must be the exact regions upon 
which the picture will be printed. In 
addition, these regions (of red, green 
and blue curves) must be superimposed 
on the internegative control strip curve 
in order to avoid errors resulting from 
relative exposure displacement. 


separation 


curves 
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Objective Evaluation 


of Projection Screens 


By ELLIS W. D?ARCY and GERHARD LESSMAN 


This paper describes a method for measuring rear-projection screen bright- 
ness compared to the reflectivity of a standard magnesium block. 


te INCREASING IMPORTANCE Of wide- 
screen processes, three-dimensional pro- 
jection, rear-projected educational films, 
process projection screens and_ large- 
screen television has put new emphasis on 
the projection screen as an optical ele- 
ment of the projection system and as the 
ultimate link between the audience and 
the film. The screen is, subjectively at 
least, the whole picture; and its apparent 
brightness, color and detail are uncon- 
sciously identified by the audience with 
the performonce of the entire projection 
system. 

Although we know the approximate 
contribution of each individual element 
of the projection system to the end re- 
sult, this common subjective estimate 
contains a germ of truth. There is in 
fact much more to be done at the screen 
by way of improving the brightness of the 
picture seen by. the audience than at any 


Presented on April 22, 1952, at the Society’s 
Convention at Chicago by Ellis W. D’Arcy 
and Gerhard Lessman, De Vry Corp., 
1111 W. Armitage Ave., Chicago 14, Ill. 
(This paper was first received April 25, 
1952, and in revised form September 18, 
1953.) 


other point in the optical system. For 
instance, although the limitations of 
projection equipment and presently 
available light sources make the attain- 
ment of even a small increase in screen 
illumination a commendable and difficult 
accomplishment, the effective screen 
brightness presented to the audience may 
vary 200%, according to the screen used. 

Although many accurate measure- 
ments of screen’ characteristics are 
reported in the literature, their practical 
application has been limited, and the 
tendency has been to evaluate screens 
subjectively by simple visual comparison. 
This has been particularly true of rear- 
projection screens, because the lack 
of generally available instrumentation 
and of commonly accepted criteria and 
terminology has made objective evalua- 
tion difficult. Another reason for the 
absence of objective standards for rear- 
projection screens appears to be the 
greater intricacy of rear-projection illu- 
mination problems as compared to those 
involved in simple front projection. 
Front-projection screens act as simple 
diffusers which operate upon both the 
projected light and the ambient illumi- 
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nation according to the same set of 
reflection characteristics. Rear-projec- 
tion or transmissive screens have separate 
and independent diffusion character- 
istics for the projected (transmitted) 
light and the ambient (reflected) light 
respectively. Their normal use under 
conditions of high ambient illumination 
emphasizes the importance of a knowl- 
edge of their reflective behavior for at- 
taining good image contrast. 

Three objective factors completely 
predetermine the behavior of  rear- 
projection screens, and of front-projec- 
tion screens as a special case thereof: 

(a) photometric, including trans- 
mission and reflection at various pro- 
jection and viewing angles, and color 
to the extent to which it affects the trans- 
mission and reflection; 

(b) color, measured objectively, that 
is quantitatively by spectrophotometric 
methods, but for the purpose of estab- 
lishing its subjective effect as mere color 
or departure from whiteness ; 

(c) resolution, measured as the size 
of the smallest detail resolvable upon 
the fine structure of the diffusing elemenis 
of the screen. 


The subject of screen color appears to 
be adequately covered in an American 
War Standard! which prescribes spectro- 
photometric characteristics for diffuse- 
reflecting screens limiting the amount 


of permissible off-whiteness or tint. 
The authors consider this standard as 
acceptable and adaptable as well to 
rear-projection screens. insofar as the 
screen color conforms to this standard, 
its effect is too slight to affect the photo- 
metric factors established by measure- 
ment with visually corrected photocells. 

Screen resolution may be considered 
as the result of a complex of factors such 
as the graininess, line or facet structure 
of the screen, the depth of the diffusing 
elements, and the amount of transillu- 
mination from the highlights into adja- 
cent shadow areas. An objective evalua- 
tion of screen resolution in terms of 
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minimum detail size resolvable has be- 
come significant because a concept of 
small-screen, narrow-angle viewing for 
educational projection, stimulated by the 
success of television, has created some 
interest in small rear-projection screens 
of high resolution and brightness. Be- 
cause of the large amount of experi- 
mental work to be reported, the authors 
plan to present their work on screen reso- 
lution in a subsequent paper. 

What we have termed the photo- 
metric factors in objective screen evalu- 
ation derive from the simply under- 
stood characteristics of reflectance and 
transmittance of the screen when illu- 
minated at various projection angles and 
as viewed from different viewing angles. 
Goniophotometric reflectance and trans- 
mittance, especially at singular points 
due to the influence of specular (glossy, 
nondiffuse) reflection or normal (non- 
diffuse) transmission, although readily 
comprehended such, cannot be 
directly obtained experimentally nor 
evaluated visually. Photoelectric cells 
measure light intensity directly. The 
eye and visual photometers evaluate 
brightness by comparison, brightness 
being indeed the only objective compara- 
tive factor meaningful to the eye. Inas- 
much as intensity is directly related to 

a function of the cosine of 
the angle of view, it is believed that a 
comparison of the brightness of a screen 
under any assumed condition of observa- 
tion with the brightness of a standard 
material of universal acceptance would 
be objectively valid because of the rela- 
tive ease and accuracy with which the 
corresponding intensity and angle meas- 
urements can be accomplished both 
upon the screen and the standard, and 
because of the instinctive subjective ap- 
peal of brightness as a direct visually 
significant quantity. 

Freshly scraped chemically pure mag- 
nesium carbonate blocks were chosen 
as a standard conforming most closely 
to the well-known Lambert cosine law 
theoretical diffuse reflector. This stand- 
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ard is readily available to all, and de- 
parts so little from the theoretical cosine 
law diffuser that recomputation from 
the standard to a theoretical basis did 
not appear to be justified by the appli- 
intended, Our results are re- 
ported as “brightness ratios’ the 
brightness of magnesium carbonate 
under like conditions of illumination 
at various projection and viewing angles 
taken as unity. This approach is in 
accordance with the methods of an 
American War Standard? on reflective 
diffusing brightness character- 
istics whose terminology and methods 


cation 


screen 


appear to be appropriate and practical. 
Because of the rather large range of the 
brightness ratio ordinate, and because of 
the logarithmic visual response of the 
eye, a logarithmic brightness ratio plot 
was selected. A polar plot of the view- 
ing angle was decided upon, because the 
angular distribution of light is more 
readily apparent from simple inspection 
The term “effective 
brightness gain” in use by some investi- 


‘ 


of such a_ plot. 


gators® is merely a special case of a bright- 
ness ratio taken at the point of maxi- 
mum brightness and as such has only 
limited usefulness, as will become ap- 
parent subsequently. 

Analogous reasoning justifies this basis 
In this 
case, a hypothetical screen which dif- 


for transmission measurements. 


fuses all the incident light in a cosine 
distribution would vield the same _ in- 
tensity measurements and would have 
the same brightness at equal illumination 
Similarly, the high 
recorded when measuring a 


as the standard. 
intensity 
glossy or specularly reflecting material 
would be equivalent to the high intensity 
would be recorded if a 


which very 


transparent screen or no screen at all 
were set up in the transmission measure- 
ment position. 

‘The instrument used for our measure- 


ments (Fig. 1) will be seen to be an elab- 


oration of the goniophotometer built in 
1920 by Lovd A. Jones,*® of Eastman 
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Kodak Co., in which the visual photom- 
eter head has been replaced by an 
accurate photoelectric photometer head 
and certain improvements in design have 
been effected. It will also be recognized 
as a refinement of the apparatus of 
Berger. The instrument comprises a 
wooden base on which is mounted a 
lamphouse and two coaxial turntables. 
The upper turntable supports a rack 
which holds either the screen or a stand- 
ardizing block of magnesium carbonate. 
An extension of the lower turntable 
supports pedestal-mounted photom- 
eter head, connected by flexible leads 
to a bias network and a_ Ballantine 
vacuum-tube voltmeter. ‘The several 
turntables are provided with indexing 
pins and holes for accurately indexing 
either the the photometer 
head at 15° intervals. 

A diagrammatic view of the instrument 
(Fig. 2) illustrates its function in re- 
The photom- 
consists of electrically 


screen or 


flectance measurement. 
head 
and optically shielded housing for an 
objective lens and a lead sulfide photo- 
electric cell. The objective lens focuses 
a small image of a spot of light on the 
screen at the entrance face of a light 
pipe prism, a standard component of the 
De Vry sound-optical system, which 
scrambles or integrates the light. and 
transmits it to the sensitive area of the 
lead sulfide cell with less loss than would 
result were an integrating sphere used. 
The lamphouse encloses a 6-v, 18- 
amp vertical ribbon filament lamp, 
whose filament is directly imaged upon 
the screen. The light transmitted to 
the screen is freed from infrared radiation 


by a phosphate glass heat filter and is 
substantially white at a color tempera- 
2848 K. In 
order to provide a modulated input for 


ture of approximately 
the vacuum-tube voltmeter amplifier, 
light from the lamp is interrupted at a 
motor- 


rate of 600 cycles/sec by a 


driven light chopper disc. ‘The bright- 


ness of the lamp is of course accurately 
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Fig. 1. Goniophotometer, with magnesium carbonate block in position 
for standardizing. 
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Fig. 2. Schematic diagram of goniophotometer. 
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Fig. 3. 


maintained through careful control of 
the supply voltage. 

The physical dimensions of the ap- 
paratus are such that the half-widths 
of the light beams projected or picked up 
by the photocell are less than 1.5°.* 

For transmission measurements (Fig. 
3) the photometer head is positioned to 
pick up light from behind the screen. 
Angular adjustment of the screen and 
photometer head can be made with 
equal facility as in taking reflection 
measurements. 


The probable absolute accuracy of 


this instrument as between separate sets 
of readings is believed to be well within 


5°. The accuracy within any one set 


of readings (one goniophotometric curve ) 
is believed to be about 2°%. 


Inasmuch as the instrument reads 
intensity directly intensity 
distribution of the magnesium carbonate 
is known to follow the Lambert law quite 
closely, a series of measurements was 
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Goniophotometer arranged for transmission measurements. 


made and plotted against a theoretical 
cosine law curve (Fig. 4). The close 
correspondence is obvious and attests 
to the accuracy of our measurements. 
In measuring brightness the 
simple ratio of the screen intensity 
distribution to that of the magnesium 
carbonate standard was plotted as the 
brightness ratio, thus disregarding for 
practical purpeses the few per cent 
difference between the standard and 
theoretical diffuser. As a 
test example, a good commercial matte 
white screen was measured and plotted 
(Fig. 5) in terms of the ratio of its bright- 
ness to that of magnesium carbonate 
under equal conditions of illumination. 
It avill be noted that the brightness, 
although lower than that of magnesium 
carbonate, has the same semicircular 
distribution pattern, indicating that it is 
a Lambert law diffuser and that like all 
true Lambert law diffusing surfaces its 
brightness distribution is practically 


screen 


cosine law 
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Fig. 4. Goniophoto- 
metric curve of mag- 
nesium carbonate 
standard versus theo- 
retical cosine law curve. 


Fig. 5. Commercial 
matte white screen. 


GHTNESS 


jer 


Fig. 6. Aluminized 
stereo _ projection 
screen. 
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Fig. 7. Typical beaded 
screen. 


unaflected by the angle of incidence of 
the projected light. This is apparent 
from the almost congruent 60° pro- 
jection angle curve. As a further ex- 
ample of the type of results obtainable 
with our instrument and method of 
plotting, we present the — brightness 
ratio curves of a rather specular type of 
screen (Fig. 6), a typical commercial 
aluminized screen used for stereo pro- 
jection. ‘The gain in center brightness 
of this screen, over four times that of 
magnesium carbonate, is quickly lost 
at even relatively small viewing angles, 
so that the so-called “brightness gain” 
at the normal viewing angle is very 
deceptive as to the screen’s true per- 
formance under all conditions except 
specular viewing. 

The next screen measured was a 
typical commercial beaded screen (Fig. 
7). The interesting features of the 
curves for this screen are the basically 
cosine law distribution patiern of the 
screen except at the peaks, and the fact 
that the peak brightness occurs near but 
not exactly at the angle of incidence 
instead of at the opposite angle, a charac- 
teristic common beaded reflective 


type screens 

The data on these three reflecting- 
type screens have been presented chiefly 
to illustrate the method of measurement 
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and plotting, similar data for retiective- 
type screens having appeared in the 
literature? * over an extended period. 
These data have been qualitatively 
properly interpreted in the past, par- 
ticularly with reference to the selection 
of screens whose distribution curves 
complement the geometry of the theater’ 
within which they are intended to be 
used. To our knowledge, however, 
there has been no attempt to correlate 
screen brightness characteristics with 
ambient light conditions in order to 
evaluate the available contrast or high- 
light to shadow brightness ratio. We 
shall elaborate upon this topic later, 
but at this point it must suffice to state 
that as between two front-projection 
screens, each having similar distribution 
curves, the maximum available contrast 
will be the same for both screens for 
equal conditions of projected and am- 
bient illumination. The best front- 
projection screen, other factors being 
equal is simply the brighter one. This 
is definitely not true of rear-projection 
screens, as we shall show. 

As an example of a typical rear-pro- 
jection sercen we shall now present the 
transmissive and_ reflective brightness 
ratio curves for a well-known commer- 
cial plastic rear-projection process screen 
(Fig. 8). Inspection of these curves 
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Fig. 8. Plastic rear- 
projection screen. 


reveals that the transmissive brightness 
curves are similar in shape at different 
projection angles although their peaks 
are displaced at viewing angles in line 
with the corresponding angle of pro- 
jection. ‘The reflected brightness curves 
are a different family of similar curves 
and their specular peaks are of course 
at the angle opposite to the angle of pro- 
jection. It is apparent that the bright- 
ness of the screen due to projected or 
ambient light of any specified intensity 
or direction can be read from these 
curves for any desired viewing angle, 
and that the brightness ratio or contrast 
range of highlight and shadow areas can 
thus be computed and plotted for any 
specified set of conditions. A natural 
desire to utilize the information exempli- 
fied by the above curves for evaluating a 
figure of merit should be restrained 
until the significance of these factors to 
the actual performance of the screen is 
clear. Itis of course tacitly assumed that 
the resolution and color as well as the 
screen 
one 


properties of the 
other words, 


mechanical 
are satisfactory. In 
must have a screen before valid photo- 
metric measurements can be made on it. 
We shall, however, show a few brightness 
ratio curves for screens which do not 
have entirely satisfactory resolution in 
photometric 


order to illustrate the 
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characteristics of the special materials 
of which they happen to be made. 
Unlike reflective diffusing 
screens, transmissive diffusing screens 
may have characteristic reflection curves 
differing widely in shape and size from 
the transmission curves, so that a rela- 
tively inefficient transmissive screen of 
the “black”? type, having a low trans- 
missive brightness ratio, may yield an 
available picture contrast range far 
higher than a screen of greater light 
efficiency but proportionately higher 
reflecting power. It is necessary, how- 
ever, that the transmissive brightness 
ratio meet certain minimum require- 
ments, otherwise the picture will appear 
dim to the ambient illumination adapted 
This topic is no 


simple 


eyes of the audience. 
doubt being extensively 
by the Society’s Screen Brightness Com- 
Screen 


investigated 


mittee, whose symposium on 
Viewing Factors’ ably developed certain 


aspects which are not within the scope 
The need for preserving a 
minimum level of screen brightness in 


this paper. 


the presence of unavoidable ambient 
or surround illumination diminishes the 
possibility of obtaining high contrast 
in the presence of high ambient illumina- 
tion sometimes thought to reside in 
extra-dense black 
Such dense screens simply do not give a 


transmissive screens. 
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bright enough image at the illumina- 
tions possible with available projectors 
and light sources. Before going deeper 
into these considerations we wish to 
illustrate the brightness characteristics 
of some different types of rear-projec- 
tion screens. 

Figure 9 illustrates the brightness 
characteristics of a black plastic rear- 
projection screen similar to the process 
screen (Fig. 8) just shown except for its 
blackness. Comparison of the two sets of 
curves reveals that the black screen has a 
broader brightness distribution out to 
15° or 20° and therefore less of a hot 
spot, and that the ratio of the trans- 
mitted brightness to that of the reflected 
brightness is larger; that is, there is 
greater contrast. The facility with 
which such comparisons can be made is 
one of the advantages of the logarithmic 
plot. A simple measurement of the 
ordinate difference between the trans- 
mission and reflection curves or between 
any other two points of interest repre- 
sents a direct ratio, which can be read 
off against the ordinate scale. 

Figure 10 illustrates the photometric 
properties of a rear-projection screen 
which consists essentially of a black 
beaded coating on glass. The trans- 
mission of this screen is much less than 
that of the black screen just shown but 
is characterized by a flatter angular 
distribution which results in less of a 
hot spot. This advantage is offset by 
the comparatively high reflectivity of 
the screen, which is not therefore capable 
of yielding as high a contrast range as 
the previous screen. This screen pos- 
sesses a slight gloss which becomes rather 
spec ular at Steep projection angles as 
shown by the 60° incidence reflection 
The 


is fair, corresponding to a beaded re- 


curve. resolution of this screen 
flective screen. 

Figure 11 illustrates the properties of 
an experimental rear-projection screen 
sample made by the manufacturers of 
This is a very 


shown. 


the screen just 
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dark black beaded coating on plastic. 
Although the central brightness along 
the transmitted ray is almost the same 
as that of the previous screen, the angular 
fall-off is very rapid, which accounts for 
the low overall light efficiency of this 
screen. This screen can hardly be 
illuminated sufficiently to establish a 
bright enough picture to compete with 
reasonable ambient illumination. The 
screen suffers from a very high gloss 
which is evinced by the very steep re- 


flection curves, which indicate a_re- 
flected brightness ratio at specular 
points greater than the brightness due 


to direct transmission. This means 
that the gloss from ambient illumination 
will, at some viewing angles, completely 
wash out the picture contrast. 

The next two figures illustrate two 
rear-projection screens of still another 
manufacturer. Figure 12 represents an 
emulsion on white opal glass type of 
screen. Figure 13 represents the char- 
acteristics of an emulsion on black opal 
glass type of screen. The characteristic 
curves of these two screens are very 
similar in shape and distribution except 
that the brightness ordinates of the black 
screen are only about half the value of 
those of the white screen, with the white 
screen having on the whole an apparent 
contrast range, or ratio between transmis- 
sive and reflective brightness, greater than 
the black screen. Nevertheless even 
casual inspection establishes the obvious 
fact that the black screen has the higher 
contrast and is, for most applications, the 
better screen. This means that under 
some conditions the photometric char- 
acteristics taken by themselves are in- 
sufficient although valid objective criteria 
of screen performance. In this particu- 
lar case, the white screen (Fig. 12) is 
afflicted with so much halation resulting 
from sideward diffusion or transillum- 
ination of light from the highlight 
into the shadow areas, that the contrast 
range of which the screen might be 
capable on the basis of the photo- 
metric curves cannot be realized ex- 
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Fig. 9. Plastic black 
rear-projection screen. 


Fig. 10. Black beaded 


coating on glass. 


Fig. 11. Dark black 
beaded coating” on 
plastic. 
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Fig. 12. Emulsion 
on opal glass. 


REFLECTION 


Fig. 13. Emulsion on 
black glass. 


cept by the artificial expedient of plac- 
ing two noncontiguous samples of the 
screen side by side under the same am- 
bient illumination, one being —high- 
lighted by projection, the other repre- 
continu- 
ous sample of the screen appears to 


senting shadow brightness. 


be completely transilluminated over a 
large area around each highlight. The 
rule apparently applicable here is that 
the low-contrast factors (the halation) 
predominate over the high-contrast fac- 
tor (the favorable photometric values) 
which means, as we stated before, that 
before a careful photometric evaluation 


is possible and meaningful, we must have 


a screen reasonably free from other 
disqualifying characteristics. 

The next two figures illustrate some 
of the characteristics of a molded plastic 
fresnel lens type of screen. ‘The sample 
supplied to us was intended for tele- 
vision projection. One side of this screen 
is formed of fine concentric prismatic 
rings in a typical fresnel lens arrange- 
ment. ‘The other side is provided with 
a fine ribbed structure which imparts an 
asymmetric scattering characteristic to 
the screen which is properly intended 


to enhance the horizontal distribution 
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Fig. 14. Molded Fres- 
nel lens type screen; 
measurements hori- 
zontal plane through wef 
center. 
i 
Fig. 15. Molded Fres- a 
nel lens type screen; A 


measurements in ver- 
tical plane near edge. 


TRAY SMISBIOm 


at the expense of the vertical distribu- 
tion, as well as to conceal the ring struc- 
ture. Figure 14 represents measure- 
ments taken at the optical center of this 
screen along a horizontal meridian, with 
the ribbed structure vertical. ‘The trans- 
missive brightness curves are surprisingly 
regular and almost identical with those 
of some of the screens previously shown. 
The reflective brightness curves indicate 
a considerable amount of specular re- 
flection which is observable particularly 
at large angles of incidence. Figure 15 
represents measurements taken near 
the edge of the same screen along a ver- 
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meridian. The directive effect 


tical 
of the fresnel structure is clearly evident 


three transmission curves illus- 
as a displacement of approxi- 
mately 7° toward the optical center 
of the screen at all angles of incidence. 
This dispiacement is not, 
evident in the reflection curves because 
reflection occurs principally off of the 
ribbed side of the The very 
pronounced = specular reflection — ex- 
hibited is the result of longitudinal 
evlindrical reflection from the ribbed 
surface of the screen when the longi- 
tudinal axis of the ribs is in the viewing 


in the 
trated, 


however, 


screen. 
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Fig. 16. Antireflec- 
tion coated opal glass 
screen. 


meridian. The photometric _ perfor- 
mance of this screen is not particularly 
impressive as compared to simpler types 
of rear-projection screens, but the pos- 
sibilities inherent in controlled asym- 
metric diffusion, made use of to some 
extent in this screen, are suggestive. 
Figure 16 illustrates the performance 
of a sample rear-projection screen made 
available to us and consisting of what 


appears to be an antireflection coated 


flashed opal glass sandwich. This screen 
is characterized by an unusually large 
and broad transmissive brightness dis- 
tribution and a very low reflectance of 
almost cosine law distribution except at 
specular angles, at which points the gloss, 
despite the antireflection coating, is 
very pronounced. This screen would 
be very desirable for its photometric 
properties but unfortunately, the high 
contrast implied by the data is vitiated by 
the excessive halation and transillumina- 
tion through the thick opal glass sandwich. 
The resolution of this screen at angles 
other than the normal viewing angle 
rapidly deteriorates because of the depth 
of the diffusing layer. 

In the above description of some of 
the many rear-projection screens we 
have been permitted to examine we 
have only briefly alluded to the compara- 
tive merits of the screens. We all 
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know, of course, that there is no such 
thing as a “‘best’”’ screen. We can only 
seek the best screen for any given appli- 
cation. Some theaters require a matte 
screen with almost cosine law distribu- 
tion; other houses are very narrow and 
benefit from the greater brightness 
realizable from screens having a narrower 
distribution angle. Photometrically the 
best screen for any given application 
would appear to be the one having a 
uniform brightness distribution over 
only the required viewing angle. The 
vertical viewing angle of such a screen 
would desirably be less than the hori- 
zontal one. Such a screen would also 
inherently tend to be the brightest 
screen for the application. Natu- 
rally, no screen can be found which 
will have uniform brightness over a 
specified distribution angle and then 
fall off rapidly to zero brightness. 
However, it is not beyond the bounds 
of possibility that a screen will yet be 
tailor-made to meet such specifications. 
The extent to which a screen departs 
from these conditions determines its 
departure from maximum efficiency, 
but specifications governing this fall 
within the province of standards com- 
mittees. We shall concern ourselves 
only with what has been done and with 
what can be done. 
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Fig. 17. Comparison 
of typical rear-projec- 
tion screen with a 
beaded screen and with 
a hypothetical screen of 
100% efficiency over a 
30° angle of view. 


Figure 17 gives comparative brightness 


curves, taken at normal projection 
incidence, for three of the better rear- 
projection screens whose complete curves 
have already been shown. In_ order 
to provide a basis for the comparison 
there are also included curves for a 
typical beaded screen and for a hypo- 
thetical screen of 100% efficiency whose 
theoretical distribution is confined to 
30° from the normal. 

These curves reveal some interesting 
facts. With the exception of screen (D) 
(black beaded) none of the rear-pro- 
jection screens, and this is true as well 
of screens not included in Fig. 17, have 
as good a brightness distribution or 
freedom from “hot spot” as the ordinary 
beaded screen, yet beaded screens are 
known for their marked directional 
distribution. ‘The only screen free from 
an objectionable “hot spot” is screen 
(D) which is very inferior in brightness. 
If these screens are now compared with 
the theoretical possibilities held forth 
by curve (B) it will at once be apparent 
how far we have yet to go in the direc- 
tion of a really good rear-projection 
screen. 

In order to illustrate the possibilities 
inherent in controlled brightness dis- 
tribution we have for Fig. 18 drawn 
curves similar to curve (B) of the pre- 
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vious figure to illustrate the brightness 
of screens whose possible theoretical 
brightness has been computed mathe- 
matically by evaluating the — surface 
integral of the light intensity function 
of a Lambert-type diffuser of various 
specified symmetrical and asymmetrical 
distribution patterns. Curve (A), for 
the purpose of comparison, is that of a 
typical beaded screen. It should be 
noted that these curves are divided into 
vertical and _ horizontal quadrants, 
and that curve (A) is of course sym- 
metrical through both quadrants. 
Curves (B) and (C) are for hypothetical 
screens whose distribution is confined 
to 45° and 30° from the normal, respec- 
tively. These screens, despite their 
specified uniform brightness over the 
entire specified distribution angle, would 
be two and four times as bright as a 
standard cosine law diffuser. If, as is 
clearly indicated in most projection situa- 
tions, the vertical distribution be limited, 
even greater brightness gains could be 
achieved. Curves (D), (E) and (F) 
are for hypothetical screens whose hori- 
zontal distribution is confined to 45°, 
45° and 40°, respectively, to each side 
of the vertical meridian, and whose ver- 
tical distribution is confined to 224°, 
15° and 12}°, respectively, above and 
below the horizontal meridian. In 
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Fig. 18. Curves illus- 
trating the theoretical 
brightness gains of 
engineered screens of 
variously assigned 
angles of view. 
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other words, they have a rectangular 
distribution pattern. ‘These screens could 
attain the astonishing brightness of, 
respectively, 3.2, 4.7 and 6.0 times the 
brightness of the standard without fall- 
off from or hot-spot at the center. 
Returning now to the problem of an 
objective evaluation of rear-projection 
screens, we have shown that a single 
term such as “‘brightness gain” does 
not convey sufficient information. It 
may indeed misinform because it is 
the result of measurement at a singular 
point, the hot-spot. ‘Two screens might 
have the same brightness characteristics 
at all viewing angles except that one 
has a narrow hot-spot at the normal 
viewing angle, and yet they would be 
rated as being very different in effective 
brightness gain. The curves of re- 
flected and transmitted brightness do 
give complete and objective photometric 
information, but they require some analy- 
sis and a bit of experience in their appli- 
cation. A single curve, which would 
be representative of the performance of 
the screen under actual viewing condi- 
tions, and from which such information 
as the available contrast range, the pres- 
ence of hot-spots, the existence of gloss 
or specular reflection and the amount 
of tolerable ambient illumination can 
be ascertained by inspection, would be 
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most desirable for objective photometric 
evaluation. 

Figure 19 illustrates a projection ar- 
rangement for front or rear projection 
in which the projection angle and the 
viewing angle are maintained equal, 
and in which ambient light is assumed to 
fall upon the screen at an angle of 30°. 
This is an arbitrary arrangement, yet 
it will be seen to be not untypical of 
actual rear-projection conditions. The 
justification for this selection is the fact 
that the photometric factors involved 
change only gradually and _ without 
marked singularities so that the behavior 
of a screen in any arbitrary arrangement 
is representative of its behavior within a 
considerable range from the arbitrary 
arrangement selected. 

Using the measurements made upon 
the screens previously discussed we have 
computed the transmissive or reflective 
brightness ratios for the corresponding 
projection and viewing angles illustrated 
in the diagram, and the reflective bright- 
ness ratios for the corresponding view- 
ing angles at 30° left ambient light 
incidence. The total brightness of the 
screen as viewed at any designated angle 
is then equal to the sum of the projected 
and ambient brightness. ‘This is the 
maximum attainable highlight brightness. 
The brightness of the screen at any 


Vol. 61 


is 
45 
\ Yn 


Fig. 19. Contrast profiles. 
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The projection diagram illustrates the 


basis of the measurements from which the curves were calculated. 


viewing angle due to the ambient illu- 


mination alone is equal to the minimum 
shadow brightness. ‘The quotient of the 
maximum highlight brightness divided 
by the minimum shadow brightness 
represents the maximum picture con- 
trast range available, regardless of the 
contrast of the print being projected. 
If the maximum available picture con- 
trast is plotted versus the screen viewing 
angle, a curve results which we choose 
to call the “contrast profile.” The 
contrast profile reveals a wealth of data 
regarding not only the available con- 
trast at any point on the screen, but in- 
formation as to singularities such as 
gloss or hot-spots. 

The contrast profile is plotted on a 
logarithmic base. The contrast of a 
screen whose reflective and transmissive 
brightness ratios are equal is taken as 
100. On this basis the line A-A at the 
100 ordinate also represents a_ perfect 
cosine law screen because of the well- 
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known fact that the reflectivity of cosine 
law diffusers is always equal at the same 
viewing angle, regardless of the incident 
projection angle. A little consideration 
will reveal that the contrast profile may 
be read to advantage in another manner. 
If the reference line A-A is designated 
as unity (1.0) instead of 100, then the 
values of the ordinate may be read as 
the ratio by which the ambient light 
upon the screen may be increased over 
that permissible upon a cosine law screen 
and yet maintain the same picture 
contrast. Thus the contrast profile 
of a screen which reads above 1000 or 
(10.0) at any point means that the screen 
at that point could be subjected to 10 
times the ambient illumination of a 
perfect (cosine law) diffusing screen and 
still have as good or better picture 
contrast. 

It is apparent that most of the con- 
trast profiles show peaks at the normal 
viewing angle. These peaks are simply 
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the result of the increase in the numerator 
of the contrast ratio fraction, caused by 
the high direct transmission or hot- 
spot brightness at the normal viewing 
angle. ‘The size of the peaks is a measure 
of the severity of the hot-spot, and a 
ratio between the ordinate heights of 
the hot-spot peaks, which is easily found 
because of the logarithmic plot, permits 
of a quick realistic comparison. 

Most of the screens exhibit a marked 
contrast profile drop in the vicinity 
of 30° left viewing angle, which is a 
symptom of the specular reflection of the 
30° incident ambient light. It is char- 
acteristic of most rear-projection screens 
that they are worse than front-projection 
screens in this respect. A desirable rule 
to follow in rear projection is therefore 
to avoid the incidence of ambient light 
at angles within the specular range. 

Adverting briefly to the individual 
contrast profiles, the letters identify 
screens according to the following 
description: 

A. Cosine law diffuser, Fig. 4 
Plastic rear projection, Fig. 8 
Beaded front projection, Fig. 7 
Aluminized stereo projection, Fig. 6 
Emulsion on black glass, rear pro- 
jection, Fig. 13 
Fresnel type, rear projection, Fig. 14 
Black beaded coating on glass, rear 
projection, Fig. 10 
Plastic black, rear projection, Fig. 9 
Emulsion on opal glass, rear projec- 
tion, Fig. 12 

. Anti-reflection coated 

rear projection, Fig. 16 
Dark black beaded coating on 
plastic, rear projection, Fig. 11 


opal glass, 


A few of the curves are of especial 
interest as illustrations of the properties 
of the screens they describe. 

Curve C illustrates the excellent con- 
trast under ambient illumination real- 
izable with beaded reflecting screens. 
That this is the result of the unique 
directive properties of beaded screens is 
proved by the anomalous contrast low 
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from 15° to 30° right viewing angle, 
with no low point at all due to ordinary 
specular ambient light reflection at 30° 
left viewing angle. 

Curve H, a black plastic rear-pro- 


jection screen, is an example of a good 


rear-projection screen with moderately 
high contrast over a wide viewing angle 
range, and with relatively low specular 
reflection of ambient light. 

Curves K and L are examples of 
screens whose contrast profile takes an 
extremely sharp dip as a result of the 
bad gloss of the screen. 

We have presented numerous data on 
existing screens and we have alluded 
to the possibilities latent in screens engi- 
neered to conform to certain restrictions 
on the viewing angle, with particular 
reference to asymmetric light distribu- 
tion favoring the horizontal viewing 
angle at the expense of the vertical. 
We shall now describe some preliminary 
work done to realize these possibilities, 
based on earlier work by one of the 
authors” on screens having asymmetric 
brightness distribution. 

Our experimental work on screens is 
based on the following premises. Most 
screens depend on random refractive 
or reflective scattering of light by micro- 
scopic granules or surface irregularities, 
and their brightness curves can be re- 
garded as optical probability curves. 
In order to obtain controlled diffusion 
it is necessary to secure, not random 
scattering, but controlled direction of the 
projected light. In other words, the 
optical performance of the screen must 
be the result of deliberate design and 
computation, much as lens systems are 
the result of design and computation. 
We propose that the screen be treated 
as an optical instrument, not as a random 
scatterer of light rays, and we feel that in 
this direction is possible the greatest 
advance in screen development. Need- 
less to say, only a complete goniophoto- 
metric specification of such a screen 
will specify its desirable properties, for 
no single term such as brightness gain 
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nor any single coefficient designating 
its general departure from cosine law 
distribution can designate such controlled 
asymmetric diffusion. 

The performance of an experimental 
screen made up from available materi- 
als without the benefit of refined design 
is illustrated in Fig. 20. The resolution 
of this screen, due to the large size of 
the diffusing elements, makes it suitable 
only for large projections such as outdoor 
theater screens, but the brightness 
gains realized confirm the soundness 
of the approach employed. 

The curves are shown compared to 
the brightness of one of the best matte 
white screens obtainable. The bright- 
ness of the screen in the horizontal 
meridian and along a 10° off horizontal 
meridian is about 250°% greater than the 
matte white screen all the way out to 60° 
from the normal viewing angle. The 
brightness along the vertical meridian 
is maintained at about 250% of the 
comparison screen out to 30° from the 
normal viewing angle and then falls off 
sharply almost to zero. These bright- 
ness gains are startling yet they can be 


bettered by properly designing this screen 
for the more limited horizontal angle 
desirable for this application. 

The structure of this screen is illus- 


trated in Fig. 21. The experimental 
screen consists of a piece of glass ribbed 
horizontally on the front face and 
ribbed vertically and silvered on the 
rear face. The curvature of the ribs 
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is the design factor controlling the hori- 
zontal and vertical diffusion, and since 
the path of the projected light rays inci- 
dent on the screen can be computed 
through the several refractions and re- 
flections involved, the performance of 
the screen, like that of any other optical 
instrument, is completely predetermined. 
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An Apparatus for Aperture-Response Testing of 


Large Schmidt-Type Projection Optical Systems 


By D. J. PARKER, S. W. JOHNSON and L. T. SACHTLEBEN 


An interpretation of the aperture-response concept as it applies to lenses 
or optical systems is followed by a description of an apparatus with which 
large Schmidt-type projection optical systems may be tested. The apparatus 
is adapted to present continuously the response curve on an oscilloscope, 


where it may be photographed against a grid for further study. 


The optical 


system may be tested for response to both radial and tangential line detail, 
in field zones that extend out to half the normal raster diagonal from the 


center. 


pe PROBLEM Of measuring the ability 
of a lens or optical system to produce a 
good image is an old one. Evaluations 
have generally been based on the ability 
of the lens to produce an image of fine 
parallel line detail. The means em- 
ployed have usually consisted of observing 
the image at high magnification with a 
microscope, or of photographing the 
lines on a sensitive emulsion. In either 
case, quantitative evaluation of the per- 
formance of the lens has been limited to 
determining the number of lines per 
millimeter in the image surface at which 
the lens failed to produce anything that 
could be recognized as an image of. the 
Presented on October 7, 1953, at the So- 
ciety’s Convention at New York, by D. J. 
Parker, S. W. Johnson and L. T. Sacht- 
leben, Radio Corporation of America, 
RCA Victor Div., Engineering Products 
Dept., Camden 2, N. J. 

(This paper was received October 7, 1953.) 


lines.'| ‘This method describes the condi- 
tion under which the lens completely 
fails to perform, and quite obviously 
yields little or no quantitative informa- 
tion about the performance of the lens 
in its normal range of usefulness. This 
was often made clearly evident by the 
fact that although the limiting resolution 
of a particular lens might be many 
lines per millimeter, the image would 
remain “‘soft’? and of poor contrast even 
down to a very few lines per millimeter. 
In the case of some other lens, the limit 
of resolution might not extend out to 
nearly so many lines per millimeter, 
but below that figure, the lens might 
rapidly attain performance of very ac- 
ceptable quality. 

No new or very effective methods were 
brought to bear upon this problem until 
the late 1940's, when the papers of Her- 


riott® and Schade* appeared. 
These papers recognized that a lens 
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could be evaluated by making a survey 
of the distribution of light in the image of 
the parallel line test object. If the 
parallel line test object has a constant 
contrast ratio over a large range of line 
widths, such a survey will provide infor- 
mation about any failure of contrast to 
remain constant in the image when line 
width changes, as a result of departures of 
lens imagery from geometrical perfection, 
This information is independent of any 
uniform stray light that the lens may 
originate and deliver to the plane of the 
image, because such stray light has 
only the effect of a change of contrast in 
all parts of the object by a fixed amount, 
and does not disturb the essential 
property of constancy of the contrast 
ratio throughout all parts of the test 
object. 

Herriott and Schade accomplished 
such surveys experimentally by what 
amounted to passing a relatively small 
scanning aperture across the image of the 
lines and measuring the light that came 
through the aperture as a function of its 
position in the image. The ratio of the 
difference between maximum and mini- 
mum light passed by the aperture for 
one width of line to the difference for 
another width of line, with certain quali- 
fying restrictions to be mentioned in a 
paragraph below, gives a number that is 
characteristic of the image-forming prop- 
erties of the lines insofar as those two 
particular line widths are concerned. 
These image-forming properties are 
determined by the distribution of light 
in the image which the lens forms of an 
ideal point object. This distribution is, 
in general, symmetrical about ideal 
geometrical image points lying near the 
axis of the lens, and extends out from the 
ideal image point to where illuminance 
gradients cease to exist and uniform stray 


illuminance, if any, begins. Such a 


distribution of light constitutes the physi- 
cal image. 
In Schade’s work, the differences de- 


scribed above are called the “‘aperture 


response”’ of the lens for the particular 
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line widths involved. The aperture 
response generally decreases as line width 
decreases and approaches a maximum 
as line width becomes indefinitely in- 
creased. A curve that shows aperture 
response, at all line widths, as a fraction 
or percentage of this maximum is called 
the aperture-response characteristic of 
the lens under consideration. As noted 
above, the aperture response character- 
istic of the lens tells nothing about the 
general stray light that may arise in 
the lens. It cannot, therefore, tell the 
whole story of lens performance. It 
does, however, show the performance 
of the lens insofar as it is dependent upon 
the size of the physical image and the 
distribution of light in the physical image. 

The causes of any general or uniform 
stray light contributed by the lens, may 
or may not affect the aperture response, 
accordingly as they do or do not contrib- 
ute to determining the size and distri- 
bution of light in the physical image. 
It may be said, in general, that if the 
aperture response of a lens falls off very 
rapidly due to properties of the lens 
that do not contribute to uniform stray 
light, the lens is fundamentally faulty 
in design or construction, If aperture 
response is good, but stray light is high, 
removal of the stray light by coating or 
by eliminating mounting reflections, will 
surely improve the lens. Should poor 
aperture response be largely due to the 
factors that originate the stray light, such 
as poor surface polish which introduces 
diffraction defects in the imagery, their 
removal should greatly improve the 
lens. 

Apart from the quality of the desiga 
and construction of the lens itself, the 
shape of the aperture response curve is 
dependent upon two conditions external 
to the lens. The first of these is the dis- 
tribution of luminance in the lines of the 
test pattern, and the second is the partic- 
ular focal plane in which the aperture- 
response measurements are made. If 
the distribution of luminance in the 
lines of the test object is sinusoidal, 
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a so-called sine-wave aperture-response 
curve for the lens will result. This 
curve is especially useful in the overall 
evaluation of the performance of elec- 
trooptical systems for the reason that 
analogous aperture-response curves of 
the sine-wave variety can be measured 
or otherwise determined for every 
element in the system even including the 
human eve, and when these are all multi- 
plied together in the proper manner, a 
curve is obtained that evaluates the 
quality of the image seen by the observer. 
From this curve, the adequacy of the 
overall system may be judged. The 
effect upon this curve of any changes 
in the sine-wave aperture response of the 
optical system, or for that matter, of 
any other element in the overall system, 
may be judged readily, and its impor- 
tance evaluated at any stage in the de- 
velopment of the overall system. 

The relative aperture response at two 
different line widths is dependent upon 
the selected plane of focus. For ex- 
ample, if an optical system is focused to 
obtain its maximum response for rela- 
tively coarse detail, it is, in general, 
necessary to refocus it to obtain its 
maximum response for relatively fine 
detail. This suggests at once that the 
so-called “best focus” will, in general, 
always be a compromise that must be 
judged by the operator, and that his 
judgment of the best compromise will 
depend upon the character of the sub- 
ject and the elements and qualities in 
it which the operator wishes to emphasize. 
This relative variation of response with 
focus tends to diminish as the lens ap- 
proaches more closely to ideal perfection. 

The design and construction of a 
lens directly determine the  distribu- 
tion of light in the image that it forms of 
an ideal object point. It also deter- 
mines the way in which this distribu- 
tion varies with focus. From the prac- 
tical point of view, the “image” of an 
ideal object point is the physical spot 
of light at a selected plane of focus. 
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The distribution of light in this spot 
determines the shape of the sine-wave 
aperture-response curve of the lens for 
this plane of focus. 

The measurement work involved in 
obtaining the aperture-response curve of 
a lens can be simplified by using a 
square-wave pattern of uniformly black 
and uniformly white lines as a test ob- 
ject, and measuring average square- 
wave aperture response, rather than 
peak-to-peak square-wave aperture re- 
sponse. This averaging process takes 
into account the change in shape of the 
waveform preceding decrease in peak- 
to-peak amplitude. For practical pur- 
poses, the resulting average square- 
wave aperture-response curve may be 
converted to the corresponding sine- 
wave aperture-response curve. The ap- 
paratus described in this paper deter- 
mines the sine-wave aperture response 
of a Schmidt optical system in_ this 
manner. 

Figure 1 illustrates the general ar- 
rangement of the testing setup. At the 
right is the conventional Schmidt optical 
system including spherical mirror and 
corrector or ogee lens. Spaced from it 
at the left, at the distance at which 
the Schmidt system is designed to pro- 
ject a television picture, is the appara- 
tus for introducing the square-wave 
test signals into the optical system. 
This signal generator consists of a pro- 
jection lamp and optical system ar- 
ranged to illuminate uniformly the ogee 
lens of the Schmidt optical system. 
The lamp and lens X of the optical sys- 
tem uniformly illuminate the projection 
lenses Y and Z, which, in turn, project 
lens X upon the ogee lens. The lamp 
and lenses are located inside a cylindrical 
drum with the lenses Y and Z very close 
to the drum in order to illuminate a 
limited part of the drum uniformly. 
This drum is rotated by a synchronous 
motor at 1800 rpm. The periphery 
of the drum is perforated with a series of 
groups of slots. Each pair of slots in 
any group is separated by an opaque bar 
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whose width equals the width of the slot. 
The slots range in width from 0.9-0.15 in. 
which respectively correspond to 200 
television lines per picture height and 
1200 lines per picture height for a 15-ft 
high picture. Six groups of slots are 
employed corresponding to 200, 300, 400, 
600, 800 and 1200 television lines per 
picture height. Figure 2 is a developed 
view of the slotted surface of this drum. 
In addition to the groups of slots, a por- 
tion of the periphery is perforated with a 
long unbarred slot to provide a 100°, re- 
sponse reference level, while another 
section is similarly perforated to pro- 
vide a zero response reference level. 

The 750-w bi-plane projection lamp 
used to illuminate the slots is cooled with 
a fan. The optical system, fan, slotted 
drum and synchronous motor are ad- 
justably mounted so that the rotation 
axis may be located in either a horizontal 
or a vertical plane. The assembly may 
also be tilted to project the light beam 
horizontally or upward at a convenient 
angle. The drum assembly is_turret- 
mounted on top of a cabinet which 
rolls on casters and may be set astride a 
guide rail fastened to the floor of the 
test room. By moving the drum as- 
sembly along the guide rail and _ re- 
orienting the turret to keep the beam of 
light projected inte the Schmidt, the 
performance of the optical system may 
be tested at any zone of its normal field. 
By setting the drum axis in a horizontal 
and then in a vertical plane, performance 
difference due to astigmatism may be 
observed in the outlying parts of the 
field. The signal generator assembly is 
shown in Fig. 3. 

Referring once more to Fig. 1, the 
kinescope in the Schmidt optical system 


Fig. 2. Developed view of slotted periphery of scanning drum. 
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on the right is replaced by an opaque 
kinescope faceplate that is provided with 
a series of very narrow’ transparent 
slits, arranged along the diameter of its 
concave surface. These slits are arranged 
alternately in horizontal and_ vertical 
positions. The face plate is secured to 
the end of a mechanical assembly that 
is mounted in the optical system in the 
normal position of the kinescope. This 
assembly mounts a multiplier photo- 
tube and a mechanism for positioning 
the phototube behind any slit on the 
faceplate. The faceplate and phototube 
assembly are shown in Fig. 4, and this 
assembly is shown mounted in operating 
position in the Schmidt optical system in 
Fig. 5. 

By the principle of optical reversi- 
bility, the slots in the spinning drum are 
focused by the Schmidt optical system on 
the concave surface of the faceplate. 
By suitably orienting and positioning all 
of the elements concerned, the slots may 
be imaged upon the central slit of the 
group or upon any slit in the outlying 
part of the field of the optical system. 
The images of the slots move at right 
angles to their long edges which must 
be set parallel to the slit. Several drum 
slots are imaged simultaneously in the 
vicinity of the slit and the relative mo- 
tion between this image and the slit 
enables the slit to function as a scanning 
aperture to survey the distribution of 
light in the image. If the slits are 
distributed along a horizontal diameter 
of the faceplate, measurements made 
with the series of vertical slits will then 
give a series of aperture-response curves 
for the tangential image surface of the 
optical system. If the scanning is done 
with the horizontal slits, the resulting 
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Fig. 4. Faceplate and phototube assembly. 
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Fig. 3. Signal generator assembly. 
ie” 
| 


Fig. 5. Faceplate and phototube assembly mounted in operating 
position in the optical system. 


response curves will apply to the sagittal 
image surface of the system. 


The slits are about of an inch 


1 
1000 
wide and are a little longer than the 


images of the slots. ‘The slits can receive 
light from the entire effective aperture 
of the optical system, and no other 


optics that might introduce effects of 


their own are involved in the tests. A 
number 5819 multiplier phototube is 
used as a photo-receptor and is provided 
with a battery power supply. Figure 6 
shows the electrical circuit of the measur- 
ing system. The output of the photo- 
tube is coupled by a cathode follower 
tube to an amplifier with a flat response 
over a frequency range exceeding the 
10th harmonic of the fundamental 
frequency corresponding to 1200 lines 
per picture height. The amplifier out- 
put is rectified to provide a voltage that 
is proportional to the average d-c value 
of the light pulses that are passed by the 
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slit. ‘The smaller unbarred slot passes 
half as much light to the slit as any of the 
slots in the barred section of the drum. 
When this single-pulse of relatively low 
frequency is impressed on the electrical 
circuit, it develops the same d-c voltage 
at its output terminals that would be de- 
veloped by a barred section of the drum if 
the bars were so fine that they would not 
produce any variations in light passing 
the slit, due to a tetal loss of contrast 
in the image. ‘This determines an out- 
put voltage that corresponds to zero 
The 


larger unbarred section of the drum 


square-wave aperture response. 
passes twice as much light to the lit, 
or an amount equal to that passed to 
the slit by any slot in the barred section 
of the This develops voltage 
at the that 
equals the voltage that would be de- 


drum. 
electrical circuit output 
veloped by the barred sections of the 
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drum were the optical system capable of 
producing a perfect image. ‘This voltage 
is then the 100°] square-wave aperture- 
response reference. 

The output voltages developed during 
the passage of the 
the drum are impressed upon a d-c 
oscilloscope whose horizontal sweep is 


various sections of 


synchronized to the same frequency that 
drives the synchronous drum = motor. 
A stationary trace is developed on the 
face of the oscilloscope in the form of a 
series of steps whose distances above the 
zero response level are proportional to 
the square-wave aperture response at the 
various numbers of television lines per 
picture height that correspond to the 
groups of slots in the drum. An edge- 
lighted grid may be placed in front of the 
oscilloscope and both grid and response 
trace photographed for later evaluation 
of the results. The combined spectral 
response of the 5819 multiplier photo- 
tube and the tungsten light emission 
gives a sensitivity curve that extends from 
3800 A to 6500 A, peaked at about 5200 
A. This reasonably approximates visual 
response for the purpose of evaluating 
image quality in a projection optical 
system of this type. It has been found 
advisable to place an infrared absorbing 
filter in the light beam near the rotating 
drum to protect the slits from damage 
due to heating. The cooling fan nor- 


mally used to direct air through the 
central aperture of the spherical mirror 


Fig. 7. Aperture-response curve as it appears on the oscilloscope. 
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is also used for this purpose. Light is 
delivered to the slits by the optical system 
at about f, 0.85 and rather high tempera- 
tures can be developed locally in the 
neighborhood of the slits. 

Figure 7 is a photograph of one of the 
response curves on the face of the oscillo- 
scope. When the sine-wave aperture- 
response curve is derived from the data 
furnished by this curve, the result is in 
reasonably good agreement with a 
similar response curve computed from 
measurements made on the distribution 
of light in the projected image of a very 
small light source located at the concave 
surface of the kinescope faceplate. A 
figure of merit may be derived from the 
sine-wave aperture response curve if a 
square topped curve is plotted having 
10007 response at all line numbers and 
extending out far enough to include the 
that is included under the 
aperture-response 


same area 
squared sine-wave 
curve. The figure of merit (V,, or equiva- 
lent pass-band, in Schade’s* terminology) 
is the line number at cutoff for this de- 


rived curve, 
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for Lighting Motion-Picture and TV Locations 


Compact High-Output Engine-Generator Set 


By M. A. HANKINS and PETER MOLE 


Since the earliest use of artificial light on motion-picture locations, portable 


engine-driven lighting-power sources have been needed. This paper de- 
scribes the design features and performance characteristics of a new 650-amp, 
120-v, d-c, engine-generator set which is much smaller and lighter in propor- 


5 THE DESIGN of engine-generator 
equipment for supplying power on lo- 
cations many factors must be judi- 
ciously considered in order to provide 
adequate “efficiency of utilization.” Of 
prime importance is the balance of 
maximum power vs. flexibility and port- 
ability. 

As an example, a single 150-kw plant,! 
now widely used in the industry, will 
satisfy the overall power requirements for 
most locations. ‘The Mole-1400? is such 
a plant but, although it is more portable 
than any other of equal capacity, it is 
118 in. long & 54 in. wide X 73 in. 
high and weighs 11,660 lb. The trend 
toward an increase in the amount of 
work at remote locations has resulted in 
the need for more portable and flexible 
units to supplement the comparatively 
larger types. 

A considerable handling and trans- 
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tion to its power output than any of the previous equipments. 


portation advantage would result if 
power capacity equivalent to the single 
150-kw plant could be produced by two 
smaller packages with a combined weight 
appreciably below that of the larger 
single unit. ‘The smaller plants could be 
loaded on or trailed behind the equip- 
ment trucks, or even be carried by the 
same truck upon which lighting equip- 
ment is mounted during operation. 
In emergencies a plant of sufficiently 
small dimensions and weight may be 
transported to location by air. 

By utilizing two smaller units electri- 
cally connected for 3-wire distribution, a 
saving of 30% in cable is effected over 
the 2-wire system of the larger plant. 

The larger plant is at times operated 
at no more than half capacity on loca- 
tions where full capacity is required only 
for peek demand. If two smaller plants 
were employed only one need be oper- 
ated during the slack periods. 

A shut-down of the larger plant, when 
it is the sole source of power, may bring 
production to a standstill, whereas, if 
two smaller units are operating and one 
of them requires attention it may be 
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TWO INTERNAL MUFFLERS 
PARTITION - 


OIL PRESSURE 
SAFETY SWITCH 


ENGINE 


WATER TEMPERATURE 
SAFETY SWITCH 


1. The Mole-700 Engine-Generator, right side, with 


top and side removed. 


possible to rearrange production so work 
can be continued with one machine. 

After lengthy discussions with those 
in the industry who use the equipment, 
the Mole-Richardson Co. proceeded 
with the development of a compact, 
extremely portable power plant having 
about half the capacity of the Mole- 
1400 unit. 

Since the prime objective was the 
reduction of size and weight as compared 
to previous designs, a survey was con- 
ducted to determine the maximum, prac- 
tical operating speed for both engine and 
generator. This is doubly important 
because the weight per kilowatt of de- 
livered power may be reduced as the 
rotating speed is increased. 

It was learned that the General Elec- 
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tric Co. could produce a special d-c 
generator of the desired capacity with an 
operating speed as high as 3,600 rpm 
which is higher than normally encoun- 
tered in d-c generator requipment of this 
capacity. 

After a thorough study of the various 
types of available engines, the Cadillac 
automotive engine appeared to be the 
most promising. This choice was made 
after discussion of the engine’s perform- 
ance charactevistics and the proposed 
application with Cadillac engineers in 
Detroit. 

To verify the conclusions which had 
been reached, one engine was purchased 
and installed in an existing power plant in 
the Mole-Richardson Co.’s rental de- 
partment. Its performance under actual 
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Fig. 2. Top of engine. 


operating conditions carefully 
studied for a period of eight months 
before deciding to proceed with the 
development. 

The generator (Fig. 1) with perform- 
ance matching the speed-horsepower 
characteristics of the Cadillac engine was 
developed through the combined efforts 
of General Electric and Mole-Richardson 
engineers. In the design, precautions 
were taken to provide more generator 
capacity than the Cadillac engine could 
mechanically deliver in order to prevent 
possible damage to the generator from 
overload. 

It is a 2-wire generator rated at 650 
amp, 125 v, d-c, for duty cycles normally 
encountered in location service. Its 
rated speed ranges from 2,800 to 3,200 
rpm, which corresponds to a good operat- 


Was 
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Engine-Generator Set 


ing region on the Cadillac speed-power 
curve. It is a single-bearing machine 
with class B_ insulation throughout. 
It is approximately flat compounded with 
the shunt field suitable for automatic 
voltage regulation. ‘The weight of the 
generator is only 1,050 lb as compared 
to approximately 2,000 lb for commer- 
cially rated, lower-speed machines of 
equivalent capacity. The ripple voltage 
is less than } of 1% of rated voltage, a 
feature which limits the emission of 
objectionable hum of are lamps on the 
set. 

The 8-cylinder, 90°, V-Type Cadillac 
engine is rated at 160 hp at 3,800 rpm 
and weighs 785 lb. For the first time 
this development permitted the use of 
an engine which is smaller and of less 
weight than the generator which it drives. 
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Fig. 3. Right side of engine. 


Because there is no commercially 
available engine which can be applied 
to a motion-picture power plant without 
modification it was necessary to make the 
following Cadillac 


revisions on the 


motor: 


1. Carburetor replaced by dual down- 
draft industrial type (Fig. 2). 
2. Governor added to 

maintain speed. 

3. Mechanical take-off device assem- 
bled beneath distributor for governor 
drive. 

4. Oil filter added. 

5. Exhaust manifold castings replaced 
by water-jacketed exhaust manifolds of 
Mole-Richardson design (Fig. 3). 

6. Water-pump casting modified to 


adjust and 
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divert cooling water through water- 
jacketed exhaust manifolds. 

7. Battery generator relocated. 

8. Oil drain line with shut-off valve 
installed. 

9. Crankcase ventilating tube added 
for stationary application. 

10. Electric fuel pump installed to 
assist mechanical fuel pump in main- 
taining adequate pressure at carburetor 
(Fig. 4). 

11. Overspeed governor of Mole- 
Richardson design assembled on crank- 
shaft to interrupt ignition circuit in the 
event of excess speed. 

12. Fuel filter added. 

13. Carburetor air cleaner relocated 
for access to cool air (Fig. 1). 

14. Water temperature safety switch 
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Fig. 4. Lower right front of engine. 


installed in engine block to warn opera- 
tor in the event of overheating. 

15. Oil pressure safety switch added 
to interrupt ignition circuit should loss 


of oil pressure occur. 

16. Hydra-matic flywheel replaced 
with standard type machined to accom- 
modate generator coupling. 

17. Engine fan removed. 


One end of the armature of the single 
bearing generator is coupled to and 
supported by the engine flywheel. ‘The 
coupling is of a flexible laminated steel- 
disk type with no deteriorating parts and 
has proven itself by application in other 
fields. A welded steel adapter housing 
(Fig. 1) was designed to mount the gener- 
ator frame to the engine bell housing with 
rabbet fits to assure alignment of the 
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axes of rotation of engine crankshaft and 
generator armature. 

The engine and generator coupled 
together as an integral mechanical unit 
is supported on a welded steel box sec- 
tion main base frame by four rubber 


mountings to minimize transmission of 


vibrations to the base and enclosing 
structure. 

The housing (Fig. 5) is made of fire- 
proof materials throughout and designed 
for convenient operatioa and miainte- 
nance. It is constructed in sections: 
one end, two sides and one top for dis- 
assembly convenience at times of major 
overhaul. Five access doors are pro- 
vided for routine inspection and main- 
tenance. ‘The operator’s control panel, 
electrical outlet bus-bar compartment, 
and external fuel line entrance is located 
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Fig. 5. Mole-700 Power Plant, closed for transport. 


on one end-section of the enclosure. 
The posite end of the enclosure is 
formed by the radiator. With the top 
and sides removed (Fig. 6) the working 
parts are exposed, yet the plant may be 
operated for test. 

‘The heat is removed from the engine 
cooling water by the combination of a 
large tube and fin radiator and fan (Pig. 
7) at the generator end of the plant. 
The 30-in. diameter fan is belt driven 
from a sheave on the generator armature 
shaft and has six variable-pitch blades 
which are thermostatically controlled to 
automatically maintain approximately 
180) F cooling water temperature. 
Hence, no more air is drawn through the 
radiator than is required for adequate 
engine cooling, and noise which would 
result from an excess air speed is pre- 
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vented. A maximum air flow rate of 
approximately 7000 cu ft/min is suffi- 
cient for full load operation in an am- 
bient temperature of 115 F such as 
might be encountered on a desert loca- 
tion. After the air is drawn through 
the radiator it is deflected by a sloping 
partition through adjustable door open- 
ings at the top of the enclosure (Fig. 8). 

A fan on the coupling end of the gener- 
ator armature draws outside air from a 
screened opening below the radiator 
through air ducts (Fig. 9) into the com- 
mutator end of the generator and ex- 
hausts it into the engine compartment, 
after which it passes out of the enclosure 
through one of the top ventilating doors. 

The control panel (Fig. 10) has all of 
the necessary instruments, switches, etc. 
for control of both the engine and elec- 
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VENTILATION DOORS 
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Fig. 8. Left side, doors 


ADIATOR 
open, radiator baffle removed. . 


GENERATOR AIR INLET 


Fig. 9. Air ducts to generator. 
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Fig. 10. Control panel. 


trical power circuits. The engine con- 
trols are located on the left side of the 
panel and those applicable to the gener- 
ator are on the right. Engine governed 
speed may be adjusted by setting the 
governor control knob. The generator 
voltage may be controlled either manu- 
ally with a rheostat, or automatically 
by a voltage regulator, and the selection 
between the two is accomplished by 
positioning the field control selector 
switch. OFF and ON _pushbuttons 
operate the main line contactor which 
controls the power-supply voltage at the 
bus-bar compartment. 

Several safety features are provided 
to prevent damage to the plant. An oil- 
pressure switch interrupts the ignition 
circuit should loss of oil pressure occur, 
and a water temperature switch causes 
a warning light to glow on the con- 
trol panel if the engine overheats. A 
centrifugal overspeed governor inter- 
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rupts the ignition circuit in the event of 


excess speed. An overload relay causes 
the main line contactor to open the elec- 
trical power circuit in the event of a short- 
circuit in the external distribution sys- 
tem. Also, to protect against a failure 
in the thermostatic control of the pitch 
of the radiator fan blades, a mechanical 
means is provided to lock the blades in 
full pitch. 

Silencing of an engine generator set 
for motion-picture and television loca- 
tion work entails a compromise between 
the degree of noise reduction and port- 
ability. Previous experience gained with 
the sound insulation design of similar 
equipment leads to a solution which satis- 
fies both requirements particularly well. 
The wall construction consists of an 
outer 20-gauge sheet steel skin with 
Minnesota Mining undercoating applied 
on its inner surface. A fibrous asbestos 
material is sprayed over the undercoating 
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Fig. 11. Mole-700 Power Plant, prepared for air transport. 


to form an additional sound absorbing 
layer about } in. thick, and is protected 
by two coats of casein base paint and 
metal hardware cloth. The bottom of 
the piant is closed with covers consisting 
of § in. thick Celotex between 18-gauge 
steel sheets. An acoustical partition 
(Fig. 1) within the housing made of 
} in. thick Celotex faced on both sides 
by {| in. thick Transite prevents engine 
mechanical noise from escaping through 
the radiatior, All access doors are 
gasketed. <A blanketed baffle spaced a 
short distance in front of the radiator 
reduces the air and fan noise and serves 
as a guard against radiator damage 
during handling and transportation. 

The engine exhaust is muffled by a 
series-parallel system of silencers (Fig. 1). 
One 3-pass muffler is connected to the 
exhaust of each 4-cylinder bank with 
their outputs joined at the input of a 
third muffler. 
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Provisions are made for a variety of 
types of handling and transporting the 
equipment (Fig. 5). Casters permit the 
plant to be conveniently positioned, and 
steel tubes pass laterally through each 
end of the base frame for wheel axles or 
sling bars. Tubular openings at the 
ends of the base are provided for jacks. 
The main base frame forms a permanent 
skid which may be used with rollers with 
casters removed, and its construction is 
suitable for assembly of trailer wheels, 
axles, springs, etc. 

The resulting Mole-700 Power Plant 
36 in. wide X 82 in. long X 62 in. high, 
weighing 4,200 lb and capable of gener- 
ating 650 amp at 120 v, d-c, has a capac- 
ity heretofore unequaled with respect 
to size and weight. Two units are elec- 
trically equivalent to one Mole-1400 
Power Plant, yet their combined weight is 
3,260 lb, or 28%, lighter. 

With the operator’s panel, bus-bar 
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compartment, and connection point for 
fuel line at one end, the radiator at the 
opposite end, and the ventilation doors, 
engine exhaust, and carburetor air- 
cieaner on top, both sides of the enclosure 
are free of operating components. It is 


thereby possible for a multiplicity of 


plants to be positioned side by side and 
conveniently controlled by one operator. 

The dimensions and weight of the 
overall such that it 
readily transported by air. 


unit are may be 
For ex- 
ample, an emergency situation was re- 
cently alleviated by flying one. of the 
Mole-700 Power Plants overnight from 
Hollywood to Detroit (Fig. 11). The 
additional expense of air transportation 
is often negligible as compared to the 
resulting savings realized by minimizing 
loss of production time. 
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The equipment has already demon- 
strated its usefulness, having satisfac- 
torily performed on numerous locations 
throughout the United States, Canada 
and Hawaii over the past several months. 
The application of new engineering 
ideas directed toward minimum size 


and weight has resulted in a new, useful 
and dependable power package more 
compact and flexible than any of the 
previous types of similar equipment. 
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Glow Lamps for High-Speed Camera Timing 


By H. M. FERREE 


Some of the unique characteristics of glow lamps are discussed in relation 


to their use in high-speed photography. 


are given. 


= ARE, in general use, today, two 
types of lamps: filament lamps and 
electric-discharge lamps. Glow lamps 
belong to the discharge family and share 
the characteristics peculiar to this group. 

For many years, glow lamps have been 
used as pilot lamps and indicators on 
various electrical devices. ‘They have to 
some extent been used in photographic 
applications. Most recently, their use- 
fulness has extended into the field of 
electronics, as circuit elements. It is felt 
that familiarity with some of their 
unique characteristics will aid in their 
application to high-speed photography 
and its related apparatus. 

Runaway Characteristic 

As in all electric-discharge lamps, at 
the instant the glow is initiated, the volt- 
age between the electrodes drops while 
the current is increasing. 

Without some ballasting, the current 
would immediately rise to a destructive 
value. ‘Therefore some ballast must be 
provided. However, since the currents 
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Physical and electrical characteristics 


involved are very small, a small, in- 
expensive carbon resistor can be used. 

Figure 1 shows a typical group of glow 
lamps. These range, in wattage, from 
1/25 w to 3. w. For best all-around per- 
formance, the current density must be 
held to a rather critical value. As the 
current is increased the electrode area 
also must be increased. Increasing the 
wattage much beyond 3 w would result 
in electrodes of absurd size. 

Some of these lamps are equipped with 
screw bases, some with bayonet bases and 
one with wire terminals only. All lamps 
having screw bases have the necessary 
ballast resistor built in. This is a safety 
measure. Screw-base lamps may be put 
into sockets supplied with 115 v. If 
there were no resistor in the base, violent 
failure would result. 

Those having bayonet bases or wire 
terminals do not have integral ballast 
and a resistor of the proper value must 
be used in series with the lamp. Table I 
shows the value of resistor required to 
operate each lamp at its rated current. 

In some applications there may be 
sufficient resistance or impedance in the 
circuit to accomplish the necessary bal- 
lasting. 


December 1953 Journal of the SMPTE Vol. 61 


Starting and Maintaining Voltage 

Glow lamps have a critical starting 
voltage. At voltages below this starting 
voltage, the lamp may be considered an 
open circuit, passing no current. 

When the applied voltage is raised to 
the critical value the lamp starts, current 
flows and light is emitted. 

After starting, the voltage across the 
electrodes drops to a lower va ie ~~ the 
“maintaining voltage’’ at which it con- 
tinues to operate. The maintaining volt- 
age is of the order of 15 v below the 
starting voltage on d-c, while on a-c the 
difference is less than 5 v. 

The electrode surfaces of glow lamps 
are, to some degree, photoelectric; they 
emit electrons under -the influence of 
ambient illuminations.( Therefore if the 
lamp is operated in total darkness, the 
voltage required for starting may be 20 
to 50 v higher than normal. 

When lamps are totally enclosed, as in 
the case of cameras, the starting problem 
is usually taken care of by simply apply- 
ing the additional potential. 

Since the starting voltage increases 
with age, when used in total darkness, 
some of the older lamps may fail to start. 
As insurance, voltages of the order of 150 
should be applied. 

When lamps such as the NE-51 which 
have no resistance in the base are used, 
an adjustable series resistor may be em- 
ployed to regulate the lamp current. 
This provides more uniform exposures 
throughout the life of the lamp and will 
extend the useful lamp life. 


AR-4 


NE-16 
NE-48 


Equivalent Circuit 


When conducting, the glow lamp may 
be considered as a counter emf (electro- 
motive force) in series with a resistance 
and in parallel with a low order of ca- 
pacitance. 

For purposes of 
counter emf may be considered the 
same as the maintaining voltage. Using 
values given in ‘Table I], the lamp cur- 
rent, or the external resistance required 


calculations — the 


for a given value of current, other than 
normal may be calculated by means of 
the following equation: 


Lamp current = 
Line volts — maintaining volts 


Internal resistance + external resistance 


As indicated later this lamp current may 
be used to determine changes in light 
output as well as the order of increase or 
decrease in the useful life of the lamp. 
Light Output 

Glow lamps are relatively low efhi- 
ciency lamps, averaging about 0.3 
Im/w. ‘They are, therefore, not gener- 
ally considered as illuminating devices. 
In spite of this, since the characteristic 
orange-red color contrasts well with sur- 
rounding illumination, they have proven 


quite adequate for many indicator appli- 
They provide small, relatively 


cations. 
cheap and very rugged light sources for 
indication, identification and under some 
conditions, a means of illuminating dials 
of instruments. 

The light output of these lamps is 


NZ-30 
NE-56 


Fig. 1. A typical group of glow lamps. 
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Table II. Values for Calculating Lamp Current 


Supply 
volts 


Lamp 
type 
120 a-« 
120 d-« 
S-14 2-w argon 120 a-« 
120 d-« 
120 a-« 
120 d-c 
G-10 1l-w neon 120 a-« 
120 d-« 
120 a-c 
120 d-« 
argon 120 a-« 

120 d~ 


S-14 3-w neon 


S-14 2-w neon 


1-43, }-w neon 


T-3}, neon 120 a-c 
120 d-« 

T-2 neon 120 a-c 
120 d-« 


directly proportional to the current. It 
may therefore be increased or decreased 
by proper selection of the external re- 
For this reason, some of these 
do not have 


sistance. 
lamps, as indicated above, 
a built-in ballast resistor. 


Useful Life 


Since glow lamps have no filament, 
they do not burn out. As lamps, they 
reach the discard point by a gradual 
blackening of the bulb and a rise in 
operating voltage, both of which tend to 
reduce the light output. Illumination 
requirements will determine this point. 

As circuit elements, where relatively 
constant voltage devices are usually re- 
quired, their useful life is determined by 
the number of hours they may be oper- 
ated before some definite change in their 
operating voltage takes place. 

The useful life of a glow lamp is in- 
versely proportional to, approximately, 
the cube of the current. Therefore, for 
example, doubling the lamp current will 
reduce the life to approximately one- 
eighth of normal. 

The operating current of these lamps 
may be increased up to ten times, with a 
proportional increase in light output, 
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Starting 
volts 


Glow Lamps for Timing 


Ohms 
Internal External 
resistance resistance 


Minimum 
maintaining 
volts 


50 310 2,200 
58 220 2,200 
62 900 3,500 
75 730 3,500 
420 3,500 
380 3,500 
450 7,500 
400 7,500 
30,000 
30,000 
15,000 
15,000 


2600 
2200 
5500 
4200 
7500 
6000 


200,000 
200,000 
200,000 
200,000 


7500 
6000 


before their electrical characteristics are 
seriously affected. 

As indicated, by the foregoing equa- 
tion, glow lamps may be operated on 
voltages higher than design by inc reasing 
the value of the series resistor. 


Spectral Characteristics 


For indicator purposes neon has been 
found to be the most satisfactory for 
filling gas. However, for some photo- 
graphic purposes, lamps filled with argon 
are available. 

Figure 2 shows the spectral character- 
istics of both the neon and argon lamps, 
showing that the radiation from neon 

orange-red 
while 


lamps is confined to the 
Spec trum argon 
radiates principally in the blue-violet 
and near ultraviolet regions. 


region of the 


High-Speed Cameras 


In high-speed cameras, for purposes of 
analysis and identification, timing marks 
are usually imprinted on the film. Due 
to the extremely short exposure time 
allowable, the lamp radiation must be 
highly actinic and the lamp must also be 
capable of rapid response to the timing 
pulse applied to it. 
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5000 


4500 


3500 4000 


= 
3000 


When black-and-white film is being 
used, the argon lamp has been found to 
meet these requirements very well. 

In addition to the AR-1, AR-3 and 
AR-4 argon lamps shown in Fig. 1, argon 
lamps of the same physical dimensions as 
the NE-2 and NE-51 neon lamps are now 
available. ‘These offer small size units 
which may be used when space is a con- 
sideration. 

Argon lamps of the AR-4 type are used 
in some of the recording units employed 
in making radio surveys for program 
rating purposes. Here the lamp im- 
prints a centinuous line on the moving 
film, which by its position and length 
indicates the station tuned in and _ the 
length of time it is tuned in. 

The 2-w, AR-1, argon-filled lamp is 
now being used in contact printers. Low 
wattage and small size make possible the 
use of a multiplicity of lamps to produce 


luminous areas of any size. 


uniformly 
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ANGSTROM UNITS 


Fig. 2. Spectral characteristics of argon and neon lamps. 


5500 6000 6500 7000 


Since there are many separate lamps they 
may be switched to facilitate ‘‘dodging.” 
The increasing use of color film in 


high-speed photography has brought 
with it the problem of producing satis- 
factory timing marks. ‘The ideal light 
source for this purpose would be one 
producing white light, which would 
penetrate all three layers of the film. 
‘Today we do not have a gas or gas 
mixture which will provide a commer- 
cially practical, white glow lamp. 

In the past, discharge lamps were 
made, containing COs, which did pro- 
duce light. ‘These 
however, required a means of constantly 
replenishing the gas. 
lamps containing 
have been made; however most of the 


essentially white 


Glow phosphors 


known phosphors are too slow in their 
Others 
which are faster present other obstacles 


response, for this application. 


when used in glow lamps. 
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Several years ago, the SMPTE High- 
Speed Photography Committee brought 
this problem to us. A neon glow lamp, 
operating at about five times normal 
loading was made available. This is 
the NE-66, now well known. 

The timing marks produced by this 
reflected 


These, however, are quite easily 


lamp must be observed by 


light. 
seen and practically as satisfactory as a 
mark seen through the film. 


Speed of Response 


The rapidity with which a glow lamp 
may be pulsed is determined by the time 
required for ionization and deionization 
of the gas. Accurate data of this type, 
are not, at present, available on all types 
of glow lamps. However it is known that 
ionizing time is a function of the applied 
voltage, in excess of that required for 
Starting. 

In lamps of the sizes usually employed 
in high-speed cameras, the application 
of veltages 5 to 10 v in excess of starting 
will result in ionizing times of the order 
of 200 to 250 psec, while increasing this 
to 50-v excess will reduce the time to, 
perhaps, 5 to 10 ysec. Complete de- 
ionization may require as high as 30 msec. 
Other Applications 

Some of the unique characteristics of 
glow lamps adapt them to applications 
where their light output is not neces- 
sarily essential. 

Glow lamps provide small, low-current 
circuit elements for use in many elec- 
tronic devices such as amplifiers, oscilla- 
tors and control units which might be 
used in with high-speed 
cameras, television equipment or related 


connection 


applications. 

Their use in these fields may be broken 
down into three basic circuits. 

Figure 3A shows the basic circuit for 
voltage-controlled Here the 
lamp is connected across the dividing 
network so that when a predetermined 
voltage appears across the network, a 


devices. 


Ferree: 


Glow Lamps for Timing 


LAMP STARTING VOL 
VOLTAGE TO 
BE INDICATED 


»DIVIDER 
S RESISTANCE 


ow (~ \ VOLTAGE UNDER 
AMP REGULATION 


OUTPUT OF 


POWCLR SUPPLY 


\ 


GLOW LAMP 


CAPACITOR 
RESISTOR> 


135 volt d-c 


Fig. 3. Glow lamp (A) in basic circuit 
(B) 
gas diode voltage regulator; (C) as an 


for voltage-controlled devices; as 


oscillator. 


voltage equal to the starting voltage 
appears across the lamp. Immediately 
the lamp starts, current flows and light 
is emitted. Control of associated equip- 
ment may therefore be accomplished by 
the use of sensitive relays in the lamp 
circuit or photoelectrically. 

Since glow lamps are, relatively, con- 
stant voltage devices, they may be used 
as gas diode voltage regulators in circuit 
(Fig. 3B) whose currents do not exceed 
the maximum lamp rating (Fig. 3B). 

One of the most interesting uses for a 
glow lamp is as an oscillator (Fig. 3C). 
When connected in the familiar RC cir- 
cuit shown in Fig. 3C, the lamp can be 
made to pulse or operate at frequencies 
ranging from one pulse in several seconds 
to frequencies well into the audio range. 

For the very low frequency range it 
may be found better to connect the 
capacitor across the resistor, rather than 
across the lamp. 

A glow lamp may be pulsed or caused 
to lock into a master oscillator by the 
use of a third electrode to which the 
input may be connected. This electrode 
may take the form of a conductive coat- 
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ing placed on the bulb or an external 
grid placed around the outside of the 
bulb. 
Glow lamps are versatile devices. 
They are rugged, low in cost and require 
little current. It is felt that their unique 
features make them worthy of considera- 
tion in many applications, which fall 


within the scope of this organization. 
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Bibliography 
on High-Speed Photography 


Including Schlieren and Cathode-Ray Oscilloscope 


Photography 


Like its predecessor, which was published in the January 1951 Journal and High- 
Speed Photography, Vol. 3, this bibliography has been arranged in the following cate- 
gories: General, Cameras, Lighting, Oscillography, Schlieren, Technical and Tech- 


niques, X-Ray. 


The task of compiling the items was again undertaken by Miss Elsie Garvin, 
Librarian, Research Library, Eastman Kodak Co., Rochester, N.Y., and the bibliog- 


raphy was classified by John H. Waddell. 


5 of High-Speed Photography. 


It will be reprinted early in 1954 in Vol. 
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High Speed Photography, H. F 
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Vogler, Am. Cinemat., 32: 308, 328-329, 
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High-Speed Photography Applied to Pro- 
duction Quality, J. H. Waddell, 7ooling 
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443-488, Nov. 1951. (Bibliography. ) 

Scanning the Field for Ideas: High-Speed 
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I.. Barnard and G. von Elbe, Academic 
Press, N.Y., 1951. (Chapter VI, pp. 271 
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Altner and D. Kreidel, P. B. Report 105,- 
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raphy, A. M. Zarem, F. R. Marshall 
and F. L. Pode, Flect. Eng., 68: 282-288, 
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of Human Eye for Science, Bus. Screen 
Mag., 11: 36, May 1950. 

A Multiple Kerr-Cell Camera, A. M. Zarem 
and F. R. Marshall, Rev. Set. Instr., 21: 
514-519, June 1950. 
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Optical Shutter, A. E. J. Holtham and 
H. A. Prime, Proc. Phys. Soc., 63B: 561 
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tion Unit for Ballistic Photography. 
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Bourque, J. Appl. Phys., 21: 995-1001, 
Oct. 1950. 

High-Speed Intermittent Camera, R. R. 
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Actes Coll. inter. Mecan. IT. Publ. sci. tech. 
Min. Aur, Paris #250: 51-64, 1951. 


High-Speed Photography, K. Morgan, 
Interchemical Rev., 11: 59-70, #3, Autumn 
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Phenomenon, R. B. Edmonson, FE. L. 
Gayhart and H. L. Olsen, Phot. Eng., 3: 
135-144, #3, 1952. 

Origins of Photographic Instrumentation, 
F. Smith, Phot. Eng., 3: 145-160, #3, 
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History and Present Position of High- 
Speed Photography in Great Britain, 
W. D. Chesterman, Jour. SMPTE, 60: 
240-246, Mar. 1953. 


High-Speed Photography, K. Morgan, 


Industrial Phot., 2: 39-40, 42, Apr. 1953. 
High Speed Photography by Means of the 

Image Converter, J. A. Jenkins and R. A. 

Chippendale, Philips Tech. Rev., 


225, Feb. 1953. 


14: 213 


Shaw, Am. Documentation, 1: 194-196, 
Oct. 1950. (Developed for use in the Rafid 
Selector.) 

Camera Design Based on Slit Principle, 
Machine Design, 22: 120-121, Nov. 1950. 
( Beckman and Whitley slit camera. ) 

A Discussion on Detonation: A New 
Photographic Method for Studying Fast 
Transient Phenomena, J. S. Courtney- 
Pratt, Proc. Roy. Soc., 204A: 27-29, Nov. 
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A Discussion on Detonation: New 
Streak Caineras, C. A. Adams, Proc. 
Roy. Soc., 204A: 19-20, Nov. 22, 1950. 

An Iconoscope Electro-Optical Shutter for 
High-Speed Photography, H. A. Prime 
and R. C. Turnock, Proc. I.E.E., 97: Pt. 
II: 793-796, Dec. 1950. 

Use of Image Converter Tube for High- 
Speed Shutter Action, A. W. Hogan, 
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Kerr-Cell Photography of High 
Phenomena, E. M. Pugh, R. v. Heine- 
Geldern, S. Foner and FE. C. Mutschler. 
J. Appl. Phys., 22: 487-493, Apr. 1951. 

A Rapid-Action Shutter with No Moving 
Parts, H. E. Edgerton and C. W. Wyckoff, 
Jour. SMPTE, 56: 398-406, Apr. 1951. 

Three-Dimensional Motion Picture Appli- 
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cations, R. V. Bernier, Jour. SMPTE, 56: 

599-612, June 1951. 

Use of Image Phototube as a High-Speed 
Camera Shutter, A. W. Hogan, Jour. 
SMPTE, 56: 635-641, June 1951. 

A Continuous Motion Camera for Multiple 
Exposure of 35mm Film, E. L. R. Webb, 
Canadian J. Tech., 29: 401-405, Sept. 
1951. (Recording at 4 in./sec of transient 
signals by photographing the deflection modu- 
lated spot of a cathode-ray tube. Film passes 
through the camera twenty times, writing one 
wavy line each trip and thus recording 2000 ft 
of information on a standard 100-ft roll of 
film.) 

The Performance of Image Converters as 
High-Speed Shutters, R. C. ‘Turnock, 
Proc. I.E.E., 98, Pt. If: 635-641, Oct. 
1951. (Use is streak records for spark ultra- 
violet and infrared spark spectra. ) 

35-mm_ High-Speed Cinematograph 
Camera, W. D. Chesterman, J. Sci. 
Instr., 28: 301-308, Oct. 1951. 
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High-Constant-Speed Rotating Mirror, 
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Optical Problems in High-Speed Camera 
Design, J. C. Kudar, Jour. SMPTE, 58: 
487-490, June 1952. 

Some New Image Converter Tubes and 
Their Applications, J. A. Jenkins and 
R. A. Chippendale, Flectr. Eng., 24: 
302-307, July 1952. (Includes circuit dia- 
gram of the A.R.E. camera.) 

Electro-Optical Shutters for Ballistic Pho- 
tography, B. J. Ley and P. Greenstein, 
Electronics, 25: 123-125, Sept. 1952. 

The Development of a Multi-Flash Camera 
and Its Application to the Study of 
Liquid Jets, N. A. Mahrous, Brit. JJ. 
Appl. Phys., 3: 329-331, Oct. 1952. 

Image Converter Tubes and Their Applica- 
tion to High Speed Photography, J. S. 

Courtney-Pratt, Phot. J., 92B: 137-148, 
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Image Converter Techniques Applied to 
High Speed Photography, R. A. Chippen- 
dale, Phot. J., 92B: 149-157, Sept.-Oct. 
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Electronically Operated Kerr Cell 
Shutter, K. D. Froome, Phot. J., 92B: 
158-161, Sept.-Oct. 1952. (Used for taking 
low power photomicrographs ef the develop- 
ment of cathode phenomena in are discharges.) 

Camera records Position vs. ‘Time, Chem. 
Ene. News, 30: 5308, Dee. 15, 1952. 
( Beckman and Whitley's Model 108 research 
camera has an image wiped onto the film at a 
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\ High-Speed Rotating-Mirror Frame 
Camera, B. Brixner, Jour. SMPTE, 59: 
503-511, Dec. 1952. 

Rapid Camera Shutter, Mech. Eng., 7-4: 
323, Apr. 1952. (A new camera shutter, the 
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times faster than any mechanical interlens 
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Courtney-Pratt, J. Phot. Sci., 1: 21-39, 
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of a Nipkov disk between the components of 
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at rates up to 50,000 per second. A change of 
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A Camera for Study of Rapid Self-luminous 
Events, J. Chambers, Phot. Eng. 4: 22-24, 
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Simple Electronic Devices for High-Speed 
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Messung schnellveranderlicher mechani- 
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graph, M. Nier, Trans. Instruments and 
Measurements Conference, Stockholm, 1949: 
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Derby and A. B. Webb, Jour. SMPTE, 
57: 247-248, Sept. 1951. 

A New Power Stroboscope for High-Speed 
Flash Photography, W. D. Chesterman, 
D. R. Glegg, G. T. Peck and A. J. 
Meadowcroft, Proc. LE.F., 98, Pt. IT: 
619-634, Oct. 1951. (Applications to 
cavitation research. ) 

The Electrical and Luminous Characteris- 
tics of Short Air Sparks Suitable for High- 
Speed Photography, W. G. Standring 
and J. S. T. Looms, Proc. Phys. Soc., 65B: 
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Problems of Underwater Illumination, 
W. D. Chesterman and J. B. Collins, 
Trans. Illum. Eng. Soc. (London), 17: 193- 
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Explosive Argon Flashlamp, C. H. Win- 
ning and H. E. Edgerton, Jour. SMPTE, 
59: 178-183, Sept. 1952. 

Lighting for High-speed Motion Pictures, 
J. H. Waddell, Am. Cinemat., 33: 389, 
404-405, 408, Sept. 1952. 

Flash Cinematography, R. H. J. Brown, 
Phot. J., 92B: 129-133, Sept.-Oct. 1952. 
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A Synchronized Flash-Discharge System for 
High-Speed 35mm _ Cinematography, 
W. D. Chesterman and G. T. Peck, 
Phot. J., 92B: 133-135, Sept.-Oct. 1952. 
(Power stroboscope taking pictures allowing 
high-speed flash rates up to 4,000 per sec.) 

Double-Flash Microsecond Silhouette 
Photography, H. E. Edgerton, Rev. Sci. 
Instr., 23: 532-533, Oct. 1952. (Exposure 
time '/s psec. An 8-in. square Ektalite Fresnel 
lens is used to focus light from the spark into 
the camera lens.) 

An Introduction to Spark Shadowgraph 
Techniques, R. Prescott, Phot. Eng., 3: 
121-128, #3, 1952. 

Repetitive Working of Photoflash Tubes, 
A. S. V. McKenzie, Electr. Eng. 25: 122- 
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Recording, The Oscillographer, 12: 3-16 
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A Cathode-Ray Rapid-Record Oscillo- 
graph, F. H. Hibbard, Bell Lab. Record, 
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development arrangement of the paper strips. 

Cathode-Ray Oscilloscope Photography, 
W. J. Schubert, PSA Jour., 17: 247-254, 
May 1951. 

Cathode Ray Recorders for Missile Appli- 
cation, C. H. Schlesman, Phot. Eng., 3: 
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Miller, Jr.. A. Kantrowitz and R. L. 
Trimpi, Phot. Eng., J: 119-129, Oct. 
1950; article appeared with Kantrowitz 
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Colour, D. W. Holder and R. J. North, 
Nature, 169: 466, Mar. 15, 1952. 

An Improved Shadowgraph, P. Husta, 
Bell Lab. Record, 30: 223-226, May 1952. 
(Shadow oscillographs are made by condensing 
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on the photographic recording paper. ) 
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publ. 1951. 
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Schlieren Analysis of Inert Gas Arc Shields, 
W. B. Moen and G. J. Gibson, The Weld- 
ing Journal, 31: 208-213, Mar. 1952. 
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bomben, U. Neubert, 7. angew. Physik, 4: 
122-126, Apr. 1952. (Schlieren cine-photo- 
graphs (200-500 frames/sec) of flames of 
propane-air mixtures. ) 


Conference, 1948: Pt. I, 152-159; discus- 
sion Pt. III, 52-54, 1949. 

Solving Wind Tunnel Problem, R. Me- 
Larren, Aviation Week, 50: 19 20, 22, 24, 
June 20, 1949. 

Preliminary Investigation of Use of After- 
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glow for Visualizing Low-Density Com- 
pressible Flows, T. W. Williams and 
J. M. Benson, NACA TN 1900: June 
1949. 23 pp. 

Measurement of Progressive Errors in 
Machine Tools using High-Speed Photog- 
raphy, Engineering (London) 108: 679-680, 
Dec. 23, 1949; Machinery (London), 75: 
870-873, 875, Dec. 15, 1949. 

Photographic Recording of Ultra High- 
Speed Phenomena, C. H. Johansson, 
Trans. Instruments and Measurements Con- 
ference, Stockholm, 1949: 132-135, 1950. 

Electronics in Short-Time Measurement 
and High-Speed Photography and Kine- 
matography, P. Naslin, Tyans. Instru- 
ments and Measurements Conference, Stock- 
holm, 1949: 139-149, 1950. 

The Investigation of Eye Movements, 
M. P. Lord and W. D. Wright, Reports 
on Progress in Physics, 13: 1-23, 1950. 

Ueber ein einfaches Verfahren zur kinemat- 
ographischen Aufnahme schnell verlau- 
fender Vorgange, H. Bartles and B. 
Kiselt, Optik, 6: 56-58, Jan. 1950. 

Single Pulse Recording of Radar Displays; 
Photographing Technics, L. C. Mansur, 
Tele-Tech, 9: 30-33, Jan. 1950. 

Ergebnisse der kinematographischen Unter- 
suchung des Glasbruchvorganges, H. 
Schardin, Glastechnische Ber., 23: 1-10, 
Jan.; 67-79, Mar.; 325-336, Dec. 1950. 

High-Speed Photography in Paper Mill 
Maintenance, J. H. Niemeyer, Paper 
Trade J., 131: 22, July 13, 1950. 

‘The Pressurized Ballistics Range at the 
Naval Ordnance Laboratory, L.  P. 
Giesler, Jour. SMPTE, 55: 53-59, July 
1950. 

Ultra-Fast Photographs With Electronic 
Flash Apparatus, S. Magun, Camera 
( Luzern) 212-6, #7, 1950. (Uses an 
argon-filled chamber. Exposures of 1/20,000 
sec.) 

Photography and the Study of Underwater 
Missiles, W. H. Christie, PSA Jour. ( Phot. 
Sci. and Tech.), 16B: 55-58, Aug. 1950. 

‘Transient Testing of Loudspeakers, M. S. 
Corrington, Audio Eng., 34: 9-13, Aug. 
1950. 

Photo Checkup for Bowlers, R. L. Eastman, 

op. Phot., 27: 109, Aug. 1950. 

Kinematographic Recording of the Veloc- 
ity of Arterial Blood-Flow, J. M. Potter 
and D. A. McDonald, Nature, 166: 596 
597, Oct. 7, 1950. 


The High-Speed Photography of Under- 
water Explosions, P. M. Fye, Jour. 
SMPTE, 55: 414-424, Oct. 1950. 

Simultaneous Photography of Self-Lumi- 
nous and Non-Self-Luminous Effects, 
J. S. Rinehart, Rev. Sci. Instr., 27: 939- 
940, Nov. 1950. 

Hypersonic Research Facilities at the Ames 
Aeronautical Laboratory, V. I. Stevens, 
J. Appl. Phys., 27: 1150-1155, Nov. 1950. 

A Photographic Method for Displacement/ 
Time Recording, F. M. Bruce, Bnit. J. 
Appl. Phys., 1: 291-293, Nov. 1950. 

Study of Deformation at High Strain Rates 
Using High-Speed Motion Pictures, 
H. I. Fusfeld and J. C. Feder, ASTM 
Bulletin $170: 75-79, Dec. 1950. 

High-Speed Photography of Reflection- 
Lighted Objects in Transonic Wind 
Tunnel Testing, E. R. Hinz, C. A. Main 
and E. P. Muhl, Jour. SMPTE, 55: 613- 
626, Dec. 1950. 

High-Speed Motion Pictures Detect De- 
fects in Design, L. G. Waller, Machine 
Design, 22: 143-145, Dec. 1950. 

Zweidimensional Farbschlierenverfahren, 
H. Wolter, Bild und Ton, 3: 376-8, Dec. 
1950; this method is described in greater 
detail in Ann. Physik (6), 8: 1-10, #1/2, 
1950. 

Photographs of Sprays from Pressure Jets, 
A. Simons and C. R. Goffe, Ministry of 
Supply Report and Memoranda $2343 (9975) 
Aeronautical Research Council Technical Re- 
port: London, H.M.S.O. 1950 (Labelled 
as PB Report 101,255). 

The ‘“Photoflux’” Series of Flashbulbs, 
G. D,. Rieck and L. H. Verbeek, Philips 
Tech. Rev., 12: 186-192, Jan. 1951. 
(Photographs of a burning ‘‘Photoflux’’ flash- 
bulb taken at a speed of 3000 pictures per 
second. ) 

Recording Motion of a Watch Balance 
Wheel by Watch-Case Reaction, E. C. 
Lloyd, Instr., 24: 154-155, 205-206, Feb. 
1951. 

Motion Pictures (In section ‘Keeping up 
With Photegraphy”’), Am. Cinemat., 32: 
48, Feb. 1951. (Eastman Hi-speed camera 
used to take motion pictures of the expansion 
and contraction. of explosion bubbles.) 

15,000 R.P.M., J. Biol. Phot. Assoc., 19: 44, 
Feb. 1951. (Flash duration of 1/24,000 sec 
motion picture of a dental drill rotating at 
15,000 r.p.m.) 

Photographic Study of Surface-Boiling Heat 
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Transfer to Water with Forced Convec- 
tion, F. C. Gunther, Trans. Am. Soc. 
Mech. Eng., 73: 115-123, Feb, 1951. 

The Application of Photography to Paper- 
mill Problems, F. P. Hughes, Brit. 
Paper and Board Makers’ Assoc. Proc. of 
Tech. Sect., 32: 77-88, Pt. 1, Feb. 1951. 

Source of Light Recorded in Photographs 
of Detonating Explosives, S. Paterson, 
Nature, 167: 479-481, Mar. 24, 1951. 

Photographic Study of the Polymer Cycle 
in Injection Molding, G. D. Gilmore and 
R. S. Spencer, Modern Plastics, 28: 117 
118, 120, 122, 124, 180, 183, 185, Apr. 
1951. 

Bird Photography with the ‘‘A.P.”’ Speed- 
lamp, J. Warham, Amat. Phot., 101: 448- 
450, May 9, 1951. 

A Time-Motion Study by Methods of High- 
Speed Cinematography, H. W. Baer, 
B. F. Cohlan and A. R. Gold, Jow. 
SMPTE, 56: 513-518, May 1951. 

Slide Rule for Analyzing High-Speed 
Motion Picture Data, K. W. Maier, 
Jour. SMPTE, 56: 623-634. June 1951. 

See the Ear Hear—a Macroscopic-Strobo- 
scopic Cinematographic Study of the 
Ear, H. G. Kobrak, J. Biol. Phot. Assoc., 
19: 99-104, Aug. 1951. 

Freezing a Firecracker, lS. Camera, 14: 
76, 108, July 1951. (Hf. E. Edgerton 
and H. E. Grier designed a camera with 
magneto-optic shutter capable of exposures 
from 4 to 10 millionths of a second. ) 

Analyse Photographique de l’Injection du 
Polystyrene, G. D. Gilmore and R. S. 
Spencer, /nd. Plastiques Modernes,3: 33, 
July-Aug. 1951. 

Practical Application of High-Speed Pho- 
tography in Business Machines, W. L. 
Hicks and R. L. Wright, Jour. SMPTE, 
57: 1-8, July 1951. 

Simultaneous High-Speed Arc Photography 
and Data Recording With a 16-mm 
Fastax Camera, E. L. Perrine and N. W. 
Rodelius, Jour. SMPTE, 57: 140-144, 
Aug. 1951. 

Measurement and Recording of Vibration. 
R. Hammond, Mech. World, 130: 96-98. 
Aug. 3, 1951. 

Colour Photography by Electronic Flash. 
J. Scales-Manners, Functional Phot., 2: 
19-20, Sept. 1951. 

Experiments on the Ultrasonic Unmixing 
of Liquid Solutions, C. A. Boyd and 

R. J. Zeniner, Phys. Rev., 83: 1059-1060, 

Sept. 1, 1951. 


High-Speed Bibliography 


Self-Adjusting Timer for Bullet Photog- 
raphy, J. Burlock, Rev. Sci. Instr., 22: 
743-745, Oct. 1951. 

Photographic Recording of an Explosion 
Wave Formed Outside a Linear Charge, 
(in Russian). S. B. Ratner, J. Tech. Phys. 
USSR, 20: 1422-1425, #12, 1951; abst. 
from Phys. Abst. #7337, 1951 

Discrete Photograph of an Ultra-Speed 
Event With General Radio Camera, 
W. A. Allen and J. S. Rinehart, Rev. Se. 
Instr., 22: 1020, Dec. 1951. 

Etude Photographique de la Combustion 
dun Cordeau Detonant, P. Libessart, 
Sct. Ind. Phot. (2), 23: 14-16, Jan. 1952. 

Phenomena Associated With the Flight of 
Ultra-Speed Pellets. Pt. Il. Spectral 
Character of Luminosity, W. C. White, 
J. S. Rinehart and W. A. Allen, J. Appl 
Sci., 23: 198-201, Feb. 1952. 

An Investigation of Cracks and Stress Waves 
in Glass and Plastics by High-Speed 
Photography, D. G. Christie, J. Soc. 
Glass Tech., 36: 74-89, Feb. 1952. (Photo- 
graphs from 20,000 to 200,000 frames /sec.) 

Shot on the Wing, U.S. Camera, 15: 38-39, 
107, Mar. 1952. 

Techniques for Effective High-Speed Pho- 
tography and Analysis, R. ©. Painter, 
Jour. SMPTE, 58: 373-384, May, Pt. I, 
1952. 

Ballistics Photography Uses Mobile Flash, 
E. C. Barkofsky. Electronics, 25: 128-30, 
June 1952, 

Birth of a Flame, M. Lorant, /unctional 
Phot., 3: 19, June 1952. (Schlteren photog- 
raphy of a flame from 3.8 to 1,112 millionths 
of a second old. Work done by H. L. Olsen, 
R. B. Edmonson and FE. L. Gayhart at the 
Applied Physics Laboratory, Johns Hopkins 
U'nwersity.) 

Use of a Rotating-Drum Camera for 
Recording Impact Loading Deforma- 
tions, D. F. Muster and F. G. Volterra, 
Jour. SMPTE, 59: 44-48, July 1952. 

Photography at Sea of Ship-Propeller 
Cavitation, J. W. Fisher. N. E. 
Coast Institution Engineers and Shipbulders, 
68: 20-30, Oct. 1951. 

Underwater Observation and Photography 
of Flow Phenomena through Glass 
Panels in a Ship’s Hull, J. W. Fisher, 
Nature, 169: 1074-1076, June 28, 1952. 

Film Studies ef Armament, A.R. Michaelis, 
Quarterly of Film, Radio and Television, 6: 
235-240, #3, 1952. 


Tran 
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Preliminary Investigation of the Use of 
Afterglow for Visualizing Low-Density 
Compressible Flows, T. W. Williams 
and J. M. Benson, NACA TN _ 1900, 
June 1949. 

Etudo du Mouvement des Projectiles per 
la Photographie Instantanée, A. Rateau, 
Actes Coll. inter. Mecan. II, Publ. sci. tech. 
Min. Aur, Paris, #250: 73-80, 1951. 
(Angle which the axis of a projectile while in 
flight makes with trajectory is determined 
photographically by two simultaneous stereo- 
scopic pictures. Exposure around 7 sec.) 

An Improved Technique for High-Speed 
Photography, D. A. Senior and C. O. J. 
Cove-Palmer, Brit. J. Appl. Phys., 3: 
318-321, Oct. 1952. 

Electro-Optical Shutters as Applied to the 
Study of Electrical Discharges, J. Meek 
and R. C. Turnock, Phot. J., 92B: 
161-166, Sept.-Oct. 1952. 

Nature Photography with the High-Speed 
Flash, W. Van Riper, R. J. Niedrach 
and A. M. Bailey, Denver, Colorado, 
Denver Museum of Natural History. 
64 pp. Chiefly illustrations. (Issue #5 
of Museum Pictorial.) 

High-Speed Photography: Steel Research 
Tool, R. A. Buchanan, Steel, 737: 
90-91, July 7, 1952. 

Photography Helps Develop Rockets and 
Guided Missiles, R. W. Herman, PSA 
Jour. (Phot. Sci. Tech.), 18B: 107-111, 
Dec. 1952. 

We Break ’Em to Make ’Em Better, 
Industrial Photography, 1: 42-43, Fall 1952. 
(Service testing with high-speed cinematog- 
raphy.) 

Flash Photography, R. Connolly, Camera 
Mazg., 76: 49-66, Feb. 1953. 

Synchro-Flash Photography, G. L. Wakefield 
and N. W. Smith. Fountain Press, 
London. 3rd ed. 1952. 

Investigation of Annular Liquid Flow With 
Cocurrent Air Flow in Horizontal Tubes, 
A. E. Abramson, J. Appl. Mech., 19: 
267-274, Sept. 1952. 

Some Current Image Converter Practice, 
R. F. Laurence and K. Shaftan, Phot. 
Eng., 3: 189-206, #4, 1952. 

A Study of Droplet Behaviour in Packed 

Columns, J. B. Lewis, I. Jones and 

H. R. C. Pratt, Trans. Inst. Chem. Eng., 

29: 126-144, $1, 1951. (Photographs of 

the droplets and details of the apparatus.) 
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High-Speed Cine-Electrocardiography, J. 
J. Fields, L. Fields, E. Gerlach and M. 
Prinzmetal, Jour. SMPTE, 59: 493-497, 
Dec. 1952. 

Optical Aids for High-Speed Photography, 
D. C. Gilkeson and A. E. Turula, Jour. 
SMPTE, 59: 498-502, Dec. 1952. 

The Electronic Camera in Film-Making, 
N. Collins and T. C. MacNamara, 
Jour. SMPTE, 59: 445-462, Dec. 1952. 

Motion Photography for Combustion Re- 
search, F. W. Bowditch, Jour. SMPTF, 
59: 472-484, Dec. 1952. 

Accuracy Limitations on High-speed 
Metric Photography, A. E. Griffin and 
E. E. Green, Jour. SMPTE, 59: 485- 
492, Dec. 1952 

Application of High Speed Flash ‘Tube to 
Photographing the Fundus of the Eye 
in Color, M. Jacobs and K. N. Ogle, 
Rev. Sci. Instr., 24: 52-55, Jan. 1953. 

Flame Photography, R. B. Konikow, 
Industrial Phot., 2: 26-29, Jan. 1953. 

Motion Picture and Flash Photography in 
Mechanics Research, C. C. Hauver, 
PSA Jour. (Phot. Sci. Tech.), 19B, #1: 27 
29, Feb. 1953. 

High-Speed Photography in Medicine, 
J. H. Waddell, PSA Jour. (Phot. Sct. 
Tech.), 19B; #1, 29-31, Feb. 1953. 

Time-Resolved Spectroscopy of Ultra- 
speed Pellet Luminosity, W. A. Allen 
and E. B. Mayfield, J. Appl. Phys., 24: 
131.133, Feb. 1953. (I/lustration of the 
single drum camera and spectrograph attach- 
ment, also a fast shutter and high-voltage 
switch arrangement.) 

High-Speed Photographic Techniques for 
the Study of the Welding Arc, I. L. 
Stern and J. H. Foster, Jour. SMPTE, 
60: 400-404, Apr. 1953. 

Use of Photography in the Underground 
Explosion Test Program, 1951-1952, 
R. M. Blunt, Jour. SMPTE, 60: 405- 
417, #4, Pt. 1, 1953. 

Microsecond Photography of Rocket in 
Flight, E. Barkofsky, R. Hopkins and 
S. Dorsey, Flectronics, 26: 142-147, June 
1953. (Electronically centrolled flashlamps 
use in connection with 46 precision ballistics 
cameras.) 

Kinematographie von Gleitlinien auf Al- 
Einkristallen, R. Becker and P. Haasen, 
Acta Metallurgica, 1: 325-335, May 1953. 

Photomicrography of Moving Specimens, 
B. A. Jarrett, J. Phot. Sct., 7: 97-108, 

May/June 1953. 
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Applications of High-Speed Photography 
in Rocket Motor Research, F. G. 
Stratton and K. R. Stehling, Jour. 
SMPTE, 60: 597-602, May 1953. 

Combustion, F. T. McClure and W. G. 

Berl, Ind. Eng. Chem., 45: 1415-1425, 

July 1953. (Contains illustrations of turbu- 

lent natural gas-air flame, and composite drum 

camera record of flame propagation in a tube 
containing a 10% methane-air mixture. ) 


VIL. 


The Applications of Radar Techniques to 
a System for High-Speed X-ray Motion 
Pictures, D. Dickson, C. Zavales and 
L. F. Ehrke, Proc. Natl. Flectronics Conf., 
1; 298-313, Nov. 1948 

X-Ray Motion Picture Techniques Em- 
ployed in Medical Diagnosis and Re- 


Book Notes 


Due to circumstances beyond our control 
the Society has been unable to obtain timely 
reviews of two high-speed photography 
books. The bibliographical data and con- 
tents are as follows: 


The Photographic Study of Rapid Events 
By W. D. Chesterman. Published (1951) 
by Oxford University Press, 114 Fifth 
Ave., New York 11, N.Y. 168 + i-xiii 4+ 
32 pp. plates. $4.25. 

‘The book is divided into two parts, Part I 
covering “The ‘Techniques Used’ and 
Part II covering **The Application of the 
Techniques.” Part I consists of the follow- 
ing chapter titles: 

Ch. I — Classification of Techniques 

Ch. I Intermediate Rate Cameras 

Ch. III — Lighting the Event 

Ch. IV — Choice of Sensitive Material 
Ch. V — Single Pictures 

Ch. VI — Film Drum Cameras 

Ch. VII — Spark and Schlieren Photog- 
raphy 

Part II contains the following chapters: 
Ch. VIII Zoological Studies 
Ch. IX Biological and Medical Sciences 
Ch. X — Physical and Engineering Re- 
search 


X-RAY 


High-Speed Bibliography 


Application of Image Converters to High 
Speed Photography, J. A. Jenkins and 
R. A. Chippendale, J. Brit. Inst. Radto 
Eng., 17: 505-517, Nov. 1951. 

High Speed Photography: Steel Research 
Tool, R. A. Buchanan, Steel, 737: 90-91, 
July 7, 1952. 

Ballistics Photography Uses, Mobile Flash, 

LE. C. Barkofsky, Electronics, 25: 128-130. 

June 1952. 


search, S. A. Weinberg, J. S. Watson, 
Jr., and G. H. Ramsey, Jour. SMPTE. 
59; 300-308, Oct. 1952. 

X-Ray Motion Picture Camera and Printer 
for 70mm Film, S. A. Weinberg, J. S. 
Watson, Jr.. and G. H. Ramsey, Jour. 
SMPTE, 60: 31-37, Jan. 1953. 


Ch. XI — Military Applications 
Ch. NIL — Conclusion 


High Speed Photography: 

Its Principles and Applications 

By George A. Jones. Published (1953) by 

John Wiley & Sons, 440 4th Ave., New 

York 16, N.Y. i-xvi + 311 pp. 118 illus 

51 8hin. $4.50. 

Ch. I — Introduction and History 

Ch. IL —— The Production of Short Flashes 

Ch. IIL — High Speed Cinematograph 
Camera Design 

Ch. IV — Photographic Materials 

Ch. V — High Speed Still Photography 

Ch. VI High Speed Cinematograph 
Cameras 

Ch. VIL — Cinematographic Technique 

Ch. VIIL — Trace Recording Cameras 

Ch. IX Picture-Making Recording Cam- 
eras 

Ch. X —- Scientific Applications of High 
Speed Photography 

Ch. XI — Industrial and Commercial 
Applications 

Appendixes A-C: High-Speed Cameras, 
Gas-Discharge Flash Tubes; Forrnulae 
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Engineering Activities 


The number of projects in work, number 
and frequency of committee meetings and 
the attendance at these meetings are all 
useful clues to the volume of engineering 
work undertaken by the Society and to the 
relative importance to engineers and to 
the trade of results now being turned out. 
That this year’s technical activities measure 
up on all counts will be attested to by the 
members of more than half the Society’s 
engineering committees who attended some 
25 hours of official meetings during the 74th 
Convention and thereby set some sort of 
record. ‘Their accomplishments are briefly 
reviewed below. 


Color: The scope of its two dormant sub- 
committees on (1) Projection Light Sources 
and Screens for Color Films, and (2) Spec- 
tral Energy Distribution of Photographic 
Illuminants was reviewed, and the decision 
was made to reactivate the subcommittees. 

A new subcommittee was formed to pre- 
pare a color film exposure guide mono- 
graph for use by studio operating per- 
sonnel. 


Film Dimensions: This Committee was 
concerned primarily with 35mm film per- 
forations for CinemaScope and decided 
to initiate standardization procedures. 
Material is now being assembled for a ten- 
tative standard and the committee would 
welcome any comments or questions from 
members and nonmembers alike. 


Film Projection Practice: An energetic pro- 
gram of revising three existing standards 
was undertaken. These standards are: 
Projection Lenses for Motion Picture 
Theaters, Z22.28-1946; 35mm _ Projector 
Sprockets, Z22.35-1947; and Projector 
Reels for 35mm Film, Z22.4-1941. The 
scope of the latter standard is now be- 
ing broadened to include both reels and 
magazines. 


Films for Television: A small attendance 
permitted this group to have the distinction 
of being the only committee to meet in the 
RCA Coffee Club. Despite (or possibly 


because of) the informality, excellent coffee 
and buns, headway was made on two im- 
portant projects: (1) Steps were taken to 
Society 


initiate standardization of the 
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Synchronizing Leader. It is hoped that 
this leader will eventually be used both for 
theaters and television. (2) It was agreed 
to form a subcommittee to prepare the 
specifications and speed the development 
of a color television test film. 


Laboratory Practice: This group continued 
its heavy standardization program. Letter 
ballots and draft standards on 16mm _ re- 
view-room screen brightness and on printer 
light change cuing are being or will shortly 
be circulated to the full committee. In 
addition, further action was recommended 
on revision of one standard, Sound Records 
and Scanning Area of 16mm Sound Mo- 
tion Picture Prints, Z22.41-1946. Reaffir- 
mation was recommended for two stand- 
ards: Printer Aperture Dimensions for 
Contact Printing 16mm _ Positive Prints 
From 16mm _ Negatives, Z22.48-1946; 
and Printer Aperture Dimensions for 
Contact Printing 16mm Reversal and 
Color Reversal Duplicate Prints, Z22.49- 
1946. 


Screen Brightness: Reports were heard 
from the four Subcommittees. The Sub- 
committee on Meters and Methods of 
Measurements was then disbanded since 
it had completed its assigned project (pub- 
lished in the October 1953 Journal). The 
question of 16mm review room screen 
brightness was also reviewed by this group 
and the same letter ballot will be circu- 
lated to both the Laboratory Practice and 
Screen Brightness Committees. 


16mm and 8mm Motion Pictures: Revision 
of Z22.15-1946, and Z22.16-1947, 16mm 
Film Perforated One Edge — Usage in 
Camera and Projector, has been in the 
works for over a year, with the edge guiding 
question the only stumbling block. This 
question was thoroughly reviewed and a 
compromise sclution was reached. This 
solution also affects the two standards on 
apertures, Z22.7-1950 and Z22.8-1950, 
where edge guiding is similarly involved. 
The chosen procedure is to delete the 
guided edge specification from all four 
standards and instead to prepare a Society 
Recommended Practice on the history, 
factors and trend in the edge guiding of 
16mm film perforated one edge. 


= 
i 
ike: 


Revision of Z22.9-1946 and Z22.10- 
1947, 16mm Film Perforated Two Edges — 
Usage in Camera and Projector, has been 
stymied by another thorny question, the 
frame rate. It is fairly well agreed that 
the camera should run at nominally 16 
frames/sec. The difference was primarily 
in part of the group insisting on a projector 
rate of 18 frames/sec and the other part 
wanting to retain a rate of 16 frames/sec. 
This question was not resolved; however, 
it was agreed that both groups would thor- 
oughly document their positions in an effort 
to resolve the question at the next meeting, 
during the 75th Convention. 

The proposed standard on a new Travel 
Ghost Test Film also came in for debate. 
Further action was tabled on this proposal 
until the committee has an opportunity to 
consider a counter proposal soon to be 
submitted by RCA. 

Without controversy it was agreed: (1) to 
establish liaison with ASA Sectional Com- 
mittee C81 on standardization of medium 
prefocus lamp sockets, (2) to investigate 
the possibility of the Society’s producing a 
test film for 8mm projectors and (3) to 
form a subcommittee to study and possibly 
initiate standards on reels for television use, 
both in the 600-ft and over 2000-ft size. 


Sound Committee: Discussion relating to 


standards was limited to two proposals: 
(1) 16mm Buzz Track Test Film, Z22.57- 
1947 — this was modified slightly and ap- 
proved for further processing by the Stand- 


ards Committee. (2) Magnetic Sound 
Specifications, 16mm Film Perforated Two 
Edges, SMPTE 626 — here the +2- 
frame tolerance on the 26-frame separation 
of picture and sound was considered ex- 
cessive and the proposal was returned to 
the Magnetic Recording Subcommittee 
for reconsideration. 

The balance of the meeting was devoted 
to questions related to four-track stereo- 
phonic sound and required test films. Re- 
sponsibility was assigned sor drawing up 
manufacturing specifications for several 
types of four-track test films. 


Magnetic Recording: This subcommittee 
of the Sound Committee recorded appre- 
ciable progress at this meeting. Agreement 
was reached on the common use of a 16mm 
Multifrequency Test Film supplied by the 
Society to determine the various projector 
sound-reproduce characteristics. It is 


expected that this will lead to the stand- 
ardization of a common characteristic. 

Two proposals on half-magnetic and 
half-photographic sound track, differing 
solely in the width of the magnetic stripe, 
had been under consideration. This was 
narrowed down to one (53-mil stripe) for 
letter ballot of the entire subcommittee. 

A second draft of the proposal ‘‘200-mil 
Magnetic Sound Track on 16mm Film Per- 
forated One Edge’’ was also approved for 
letter ballot. 

Track placement and reproduce char- 
acteristics of four-track stereophonic sound 
was discussed and responsibility assigned 
for preparation of initial standards pro- 
posals. 


Television Film Equipment: The principal 
purpose for calling this meeting was to 
resolve a conflict which had developed on 
one section of the 16mm _ Television Pro- 
jector Standard, PH22.91. The dispuied 
item concerned the length of the illumin- 
ation pulse, whether the shutter pulse 
should be made 7% of the vertical blanking 
period or remain 5%. A compromise 
value of 6.5% was finally reached and 
found acceptable by all. With this ques- 
tion resolved, it will now be possible to 
continue processing of this standard in ASA 
Sectional Committee PH22. 


Theater Engineering: The agenda was lim- 
ited to consideration of a committee report 
providing an analysis of the Theater Screen 
Survey inaugurated by the committee in 
May 1953. The report, prepared by Ben 
Schlanger, Committee Chairman, was 
reviewed and the general outline approved 
after some modification. This report was 
subsequently presented to the Convention 
and will be published in a later issue of the 
Journal. 


Stereoscopic Motion Pictures: Drafts of a 
bibliography and a nomenclature were re- 
viewed. Both require additional work be- 
fore publication is possible and plans were 
made to speed this activity. "Two proposed 
standards were approved for letter ballot 
of the full committee. These specified: 
(1) the transmission characteristic of polar- 
izing filters, and (2) where the left- and 
right-eye image lenses are not of exactly 
equal focal length, the longer focal length 
lens shall be used on the left-eye lens in all 
cases.—Henry Kogel, Staff Engineer. 
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Board of Governors Meeting 


The Board on October 4 reviewed the 
Society’s overall activities which are sum- 
marized in the Executive Secretary’s re- 
port given below. Other matters and ac- 
tions are here reported briefly: 

After reports by Financial Vice-Presi- 
dent Cahill and Treasurer Kreuzer and 
formal approvals of banking arrange- 
ments, attention was devoted to the Society’s 
test film program services and expenses, 

‘The name of the Test Film Quality Com- 
mittee was changed to “Test Film Com- 
mittee,’ and this Committee was charged 
with surveying the need for additional test 
films, and with reporting to the Engineer- 
ing Vice-President on test film technical 
matters including suitability of all pro- 
posed new test film specifications and stand- 
ards that originate within the other en- 
gineering committees. 

E. S. Seeley, Secretary, advised the Board 
that the basic outline for the new Adminis- 
trative Practices drawn up by Head- 
quarters and Counsel had been submitted to 
him and that work was progressing. He 
also reported the results of the Society’s 
national election for 1953. ‘These and the 
Section’s election results are given sepa- 
rately in this Journal. 

J. W. Servies, Convention Vice-Presi- 
dent, reported that plans for the 74th 
Convention had been completed. Regis- 
tration fees, he said had been rescaled to 
favor members who would continue to pay 
$5.00 weekly and $2.00 daily fees, while 
nonmembers would be charged $7.50 and 
$2.50. Luncheon tickets were $4.00 per 
person and tickets for the Cocktail Party- 
Banquet were $12.50 per person, the same 
as charged at the 73d Convention. 

A break from the custom of SMPTE 
award presentation during the midweek 
banquet of the fall convention each year 
had for some time been considered desira- 
ble by many members. As an attempt at 
a more appropriate setting for the award 
ceremony, the convention schedule was ar- 
ranged with a formal awards session in 
place of the Monday night technical papers. 

Exhibits, previously considered and care- 
fully studied following the July meeting, 
were ruled out for the 74th Convention, 
by Mr. Servies, because time did not per- 
mit arrangement. Exhibits at 


proper 
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subsequent conventions were discussed at 
length with a free expression of differing 
opinions, some favoring formal trade show 
exhibitions planned and managed by the 
Society, others opposing on the grounds 
that the theater equipment market was 
already well served by established shows, 
that television and electronics interests 
were ably satisfied by exhibitions of 
NARTB, IRE, National Electronics Con- 
ference, Radio-Parts show and the Audio 
Fairs, and that the areas of SMPTE in- 
terest not served thus far — laboratory 
equipment, specialized studio equipment 
and perhaps lighting equipment were all 
that would benefit. A suggestion that 
exhibits be held regularly with SMPTE 
Conventions was not approved. 

Mr. Servies reported he had made plans 
to publish on Tuesday morning of con- 
vention week, a mimeographed list of 
Sunday and Monday registrants and that 
a supplement would be issued Wednesday. 

The report of Engineering Vice-Presi- 
dent Hood summarized the extensive en- 
gineering activities which are reflected in 
the reports and standards published con- 
tinuously in the Journal. Standards ap- 
proved by the Board of Governors will 
appear in the Journal as soon as they have 
ASA authorization. 

Editorial Vice-President Simmons de- 
scribed program plans for the 74th Conven- 
tion, and reported upon the current status 
of the Journal. Special plans for the 75th 
Convention were also reviewed, with in- 
formation supplied by John Frayne, Chair- 
man of the special committee for original 
plans for that Convention. 

Gordon A. Chambers, Chairman of the 
Awards Study Committee, told of the ap- 
proach taken by his group and of progress 
made to date. A draft of recommenda- 
tions was submitted to individual Board 
Members for their study, with the request 
that reactions and suggestions be sent direct 
to Chairman Chambers for consideration 
by the Committee. The Board asked that 
this Committee include the Journal Award, 
this heretofore not having been formally 
included in the Committee’s task. It is 
planned to publish the entire awards pro- 
cedures as crystallized by this Committee 
in the April Journal. 
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Report of the Executive Secretary 


Membership: New members admitted 
during the first nine months of 1953 reached 
913, an all-time high. Delinquents, by 
the end of the same period, had been 
pushed down to the record low of 272. Net 
change for the period was 17 per cent. 
This is a net increase of 641 members, the 
best yet. There is an outside chance that 
the official year-end target, a net increase 
of 1000 members, will be reached. 


Journal: The first nine Journals for 1953 
contained six more pages than were pub- 
lished during the entire preceding year. 
Of these nine issues that add up to 1214 
pages, three were in two parts. Part II for 
April was on magnetic striping, the second 
part for August covered screen brightness, 
and in the special issue for September, 
stereo sound was featured. Manuscripts 
now assured or on hand will fill three 125- 
page issues for October, November and 
December, each to contain a respectable 
subject grouping of articles. Contents for 
the two final months will have been derived 
primarily from the October convention. 
Because papers procurement efforts have 
continued to be very effective, additional 
‘*Part-two’s”’ are planned for 1954. 


Test Films: Quality control efforts by 
the Society’s test film engineer continue to 
roll up a good record for the reliability of 
this valuable direct service to companies 
and individuals in both motion pictures 
and television. Demand for magnetic test 
films increases steadily. Present service, 
however, does not go far enough because 
the Society has had little success in finding 
suitable, reliable sources for some of the 
more essential 16mm films, but extensive 
efforts are being made to keep up with new 
film requirements without neglecting the 
ever increasing volume of requests for 
advice and technical assistance precipitated 
by the widespread adoption of new motion- 
picture and television techniques. 

One special project now receiving atten- 
tion is development of a special short ver- 
sion 16mm film for Navy projectionists. 
Early approval and volume production of 
the film during the fourth quarter are 
expected. Sales for the first three quarters 
lag 23% behind the target figure for the 
period and will doubtless be similarly 
behind at year end. ‘ 


Engineering: The recent appearance of 
stereo sound and wide-screen and stereo 
picture systems has brought a pressing re- 
quirement for SMPTE attention to prac- 
tical problems encountered in the installa- 
tion and operation of these systems in thea- 
ters. 

In addition, equipment people are seek- 
ing help-with standards. This is also true 
in the field of 16mm motion pictures and 
magnetic recording. The most recent 
shifts of emphasis are reflected in the cur- 
rent list of items now being worked upon 
by committees and by the Headquarters 
staff, 

One area long in need of attention but 
short on receipt of it is educational motion 
pictures. What of a practical nature can 
be done is not quite certain but the ques- 
tion must soon be cleared up so that 
SMPTE can answer a request for assistance 
that will shortly be forthcoming from 


NAVA. 


Public Relations: A practical service to 
education of future motion-picture business 
and technical people is provided by 
SMPTE -members who are active in the 
work of the USC Student Chapter, and by 
four in particular who took part in the 
National Conference of the University 
Film Producers Association held at USC $n 
August. Another useful service was the 
Society’s exhibit at the NAVA convention 
in Chicago. 

Trade and daily press use of Society 
news releases has been both generous and 
sympathetic, but the Society has not sold 
itself effectively in all directions. ‘Tele- 
vision is one publicity problem-area and 
those phases of our current work need fur- 
ther attention. 

Another problem-area_ cxhibition. 
Although individual exhibitors or small- 
circuit owners may never develop an abid- 
ing interest in the Society, they should be 
well enough posted on how our work relates 
to exhibition so that recommendations, re- 
ports or standards that have theater ap- 
plication will find ready use. 
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New Officers 


The results of the Society’s clection were 
announced at the Board of Governors Meet- 
ing on October 4, 1953, by Secretary 
Edward S. Seeley. The following were 
elected for two-year terms beginning 
January 1, 1954: 


Axel G. Jensen, Engineering Vice-Presi- 
dent 

Barton Kreuzer, Financial Vice-President 

Geo. W. Colburn, Treasurer 

Frank N. Gillette, Governor, East 

Lorin D. Grignon, Governor, West 

Ralph E. Lovell, Governor, West 

Garland C. Misener, Governor, East 

Richard QO. Painter, Governor, Central 

Reid H. Ray, Governor, Central 


In the Section elections, the following 
officers were elected for one-year terms, and 
new members of the Section Boards of 
Managers for two-year terms. 


Atlantic Coast Section 


John G. Stott, Chairman 
Everett Miller, Secretary- Treasurer 


Pacific Coast Section Meetings 


George H. Gordon, Manager 
George Lewin, Manager 
J. Paul Weiss, Manager 


Central Section 


James L. Wassell, Chairman 

Kenneth M. Mason, Secretary-lTreasurer 
Howard H. Brauer, Manager 

George Ives, Manager 

Henry Ushijima, Manager 


Pacific Coast Section 

Philip G. Caldwell, Chairman 

Edwin W. Templin, Secretary-Treasurer 
C. N. Batsel, Manager 

Sidney Solow, Manager 

Robert Young, Manager 


Southwest Subsection 
Ira L. Miller, Jr., Chairman 

Walter W. Gilreath, Secretary-Treasurer 
John H. Adams, Manager 

Hervey Gardenshire, Manager 

Hugh V. Jamieson, Sr., Manager 

Donald Macon, Manager 


Following a two-month summer hiatus, the 
Pacific Coast Section of the SMPTE met on 
September 22, 1953, at the Metro-Gold- 
wyn-Mayer Pictures Studio in Culver City. 
The program subject for the evening was 
**3-D and Wide-Screen at M-G-M.” 

Because of the limited seating capacity 
on the sound stage at M-G-M, the attend- 
ance at the meeting had to be confined to 
two sessions allowing two hundred members 
each. Members were asked to telephone 
their reservations for attendance at the 
meetings, and were admitted by a show of 
membership card. 

The program consisted of a presentation 
of 3-D and wide-screen techniques zs they 
are being studied and used in production 
at a major Hollywood studio. An appraisal 
of the boxoffice value of the various new 
techniques and demonstrations from cur- 
rent productions made in Hollywood and 
England combined to make this an un- 
usually timely and interesting program. 
Douglas Shearer, Director of Recording 
for M-G-M Pictures, lent invaluable assist- 
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ance in planning the meeting. However, 
due to illness, Mr. Shearer was unable to 
attend, and Frank Milton, Mr. Shearer’s 
The 


engineering 


assistant, presided for the evening. 
film demonstrations of the 
problems confronting the industry, as it 
considers CinemaScope, wide-screen, 3-D, 
different aspect ratios and _ stereophonic 
sound, were well planned and executed. 

The meeting was particularly impressed 
by the thoroughness of M-G-M’s policy in 
approaching the practical problem of 
triple-type theater film entertainment in the 
form of pictures in CinemaScope, wide- 
screen and 3-D in such a manner as to meet 
the maximum possible demand from the 
exhibitor. The excellent color quality of 
the daily rush prints reflected the progres- 
sive attitude in keeping in stride with 
latest color film developments. 

There was an extensive and lively ques- 
tion and answer period after each of the two 
sessions.—Philip G. Caldwell, Secretary- 
Treasurer, Pacific Coast Section. 


i 
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75th Semiannual Convention 


Joe Aiken, Program Chairman for the 75th Convention at the Hotel Statler in Washing- 
ton, D.C., May 3-7, has released a tentative roster of sessions based upon the special activi- 
ties for this program, reported in the last Journal. Some papers have been added and 
technical sessions and, during a recent visit by Convention Vice-President Jack Servies, 
entertainment features were arranged according to hotel facilities. ‘This is the tentative 
outline of the week’s activities, subject to probable revision when the Author Forms are all 


in: 


Monday Noon — Get-Together Luncheon 
Monday Afternoon 
Monday Evening 

Tuesday Morning — 


- ‘Professional 35mm Camera” by C. FE. Phillimore 
- “Black-and-White Cinematography” by C. E. K. Mees 
**35mm Projector”? by R. Mathews and Willy Borberg 


“The Evolution of Motion-Picture Theaters” by Ben Schlanger 
Tuesday Afternoon. — ‘*Color Cinematography” by Gerald F. Rackett 


Tuesday Evening — Pioneers’ Dinner 


Wednesday Morning — “Sound” by E. W. Kellogg 
**Motion-Picture Lighting” by Charles W. Handley 
Wednesday Afternoon — “16mm Camera and Projector” by Malcolm G. Townsley 


Wednesday Evening — at the National Archives: 


“Evolution of Motion-Picture Techniques”’ by James Card 
“Matthew B. Brady” by Josephine Cobb 


Thursday Morning 
Matthews and R. G. Tarkington 


-“*Early Development of the 16mm Reversal Process’ by Glenn E. 


Thursday Afternoon — **The Motion-Picture Laboratory” by John I. Crabtree 


Thursday Evening — 
Friday Morning 


Cocktail Hour and Dinner-Dance 
~The Photography of Motion” by Morton Sultanoff and John Waddell 


“History of the Electronic Flash”? by Harry Parker 


friday Afternoon - 


Most of the above papers will be about an hour in length. 


- Mechanical Television” by J. V. L. Hogan 
‘Electronic Television” by Axel G. Jensen 


On each session there will be 


briefer papers about current developments in the industry, that is, the type of paper which 


usually makes up the substance of the program. 


The Papers Committee, listed in full in 


the November Journa/, now has Author Forms and any member will welcome word about 


prospective papers. 


Central Section Meeting 


The Section held an all-day meeting on 
Friday, September 11, in Dayton, Ohio. 
At the morning session, which took place 
at Station WLW-D, Neal VanElls, Pro- 
gram Director of WLW-D, spoke on “TV 
Production Techniques,’ and Lester G. 
Sturgill, WLW-D’s Chief Engineer, dis- 
cussed ‘*Problems in Transmission of Color 

For the afternoon session the meeting 
moved to the Wright Air Development 
Center, Air Research and Development 
Command, where two papers were read: 
“Electronic Viewer for Aerial Photo- 


graphs,” by Richard O. Eaton, Project 
Engineer of WADC-ARDC; and ‘16mm 
and 35mm Processing Equipment vs 
94 184 in. Processing Equipment,” by 
R. D. Fullerton, Chief, Processing Equip- 
ment Section, WADC-ARDC. Members 
were given a demonstration of new recon- 
naissance equipment by means of stereo 
slides of terrain in Korea, and the recon- 
naissance equipment itself was available 
for inspection. 

This program and facilities for it were 
arranged by Mrs. Jane Bernier, Synthetic 
Vision Corp., Dayton, Ohio. 
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Awards 


The various honors awarded annually by the Society for outstanding achievements and 
contributions were presented during the Fall Convention in New York. 


The general description of these awards, together with the names of all previous recip- 
ients, was published earlier this year, in the April Journal. 


Journal Award 


The Society's Journal Award, for the best paper published in the Journal during 1952, 
was shared by R. J. Spottiswoode, N. L. Spottiswoode and Charles Smith for their paper 
Principles of the Three-Dimensional Film’ (October ). 

Honorable mention for outstanding papers was given to: 

Willy Borberg, *‘Modulated Air Blast for Reducing Film Buckle’? (August); 

C. R. Carpenter and L. P. Greenhill, ‘*A Scientific Approach to Informational-Instruc- 
tional Film Production and Utilization” (May); : 

G. C. Higgins and L. A. Jones, *“The Nature and Evaluation of the Sharpness of Photo- 
graphic Images” (April); 

Otto H. Schade, “Image Gradation, Graininess and Sharpness in Television and 
Motion-Picture Systems — Part If: ‘The Grain Structure of Motion-Picture Images” « 
(March); and 

Norman Collins and ‘T. C. 


MacNamara, ‘“‘The Electronic Camera in Film-Making”’ 


(December ). 
Samuel L. Warner Memorial Award 

W. W. Wetzel, of the Minnesota Mining and Mfg. Co., St. Paul, Minn., received the 
Samual L.. Warner Memorial Award medal. 


‘The citation for this award, read by Wallace V. Wolfe, Chairman of the Committee, 
was: “‘Dr. Wetzel has made recent noteworthy contributions to the development of excel- 


lent magnetic tapes and films now commercially available. ‘Their improvement consti- 
tutes a step necessary to the widespread use of magnetic sound recording in the motion- 
picture industry.” 


David Sarnoff Gold Medal Award 


Arthur V. Loughren, of the Hazeltine Corp., Little Neck, L. [., N. Y., was presented 
with the David Sarnoff Gold Medal Award by Loren L.. Ryder, Chairman of the awarding 
committee. Mr. Loughren’s service to the industry was cited as follows: 

‘**For his contributions to the development of compatible color television including his 
active work on the principle of constant luminance adopted as part of the signal specifica- 
tions of the National Television System Committee. | 

“For his participation in the work of the NTSC as Chairman of Pane! 13, Color Video 
Standards 

‘For his important contributions as a guiding spirit and forceful exponent of compatible 
color television, and for his simple mathematical expression and lucid description of the 
aims and accomplishments of the NTSC, prepared and published for the orientation of 
engineers working in that field.” 


Progress Medal 


The Society's highest honor, the Progress Medal, was given to Fred Waller, President 
of Vitarama Company and Chairman of the Board of Directors of Cinerama, Inc., ior 
‘putting to practical use the peripheral vision phenomenon.” David B. Joy, Chairman 
of the Progress Medal Award Committee, made the formal presentation and spoke of Fred 
Waller’s work as follows: 
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“Fred Waller, in 1905, first entered the motion-picture field as a creator of lobby dis- 
plays. From that time on, he has been deeply involved in the artistic and technical prog- 
ress and development of the industry. His experiences include studio special effects, 
photographic research, optical printer design, and motion-picture production and direc- 
tion. His interests cover other wide fields of endeavor. He has more than 50 patents 
ranging in diversity from optical printers to water skis. 

‘In 1938, just prior to the New York World’s Fair, Waller organized a group for develop- 
ing a concave screen process. For the Fair itself, he produced the motion pictures of the 
figures on the inside of the Perisphere and planned the Eastman Kodak Hall of Color 
demonstration. In fact, he built his first model of Cinerama hoping to sell it to one of the 
Fair's exhibitors, but his invention was considered too radical. 

**He did apply this principle to the Waller Gunnery Trainer. ‘This used five films pro- 
jected simultaneously onto a spherical screen to show planes flying in imitation of battle 
conditions. ‘This Trainer was used by the British and American Armed Forces and was 
said to have prevented thousands of casualties. 

“Continuing in his faith that this curved screen process utilizing the effect of peripheral 
vision had entertainment value as well as utility in war, he set up a research laboratory on 
Long Island to continue his experiments. 

“In 1946, he began to build the demonstration apparatus of the Cinerama process which 
he was to use in the public theater. Many new motion-picture tools had to be constructed 
for both taking and projecting simultaneously the three picture components. ‘The screen 
itself was a special development made of overlapping strips of perforated plastic ribbon and 
spread over an arc of approximately 145°. His first private demonstration, staged in an 
indoor tennis court, was in 1949, ‘This aroused great interest and controversy as to 
whether it would be as spectacular when viewed in a large theater. 

“The finished product had its first public theater showing in September 1952. The 
reaction of the public is well known. 

‘*Waller’s work, and its reception by the public, has stimulated and intensified develop- 
ment, engineering and exploitation activity throughout the motion-picture industry. It 
has encouraged the industry and the public itself to look for and try out modifications in 
motion-picture photography and projection which had been thought heretofore too radical 
to consider. 

‘*The Committee was unanimous in its decision that Fred Waller in his inventions, de- 
velopment and persistant faith in the possibilities of the peripheral vision phenomenon, 
has fully earned the recognition accorded him by this Award. ‘This action of the Com- 
mittee is in no way to be taken as an endorsement of any particular system of motion- 
picture presentation. It is a recognition of the accomplishments of the man himself and 
the tremendous catalytic effect on the rest of the industry.” 


New Fellows of the Society 
On Wednesday evening, President Barnett inducted the following as new Fellows of the 
Society. The award was made posthumously to Kenneth Shaftan. 


Merle H. Chamberlin, Metro-Goldwyn-Mayer Studios, Culver City, Calif, 
LeRoy M. Dearing, Technicolor Motion Picture Corp., Hollywood, Calif. 
Russell O. Drew, RCA Victor Division, Camden, N. J. 

Carlos H. Elmer, U.S. Naval Ordnance Test Station, China Lake, Calif. 

Frank N. Gillette, General Precision Laboratory, Pleasantville, N. Y. 

Gerald G. Graham, National Film Board of Canada, Ottawa, Ontario, Canada 
Sol Halprin, Twentieth Century-Fox Films, Los Angeles, Calif. 
A. V. Loughren, Hazeltine Corp., Great Neck, N. Y. 

Ralph E. Lovell, National Broadcasting Co., Los Angeles, Calif. 
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Arthur J. Miller, Consolidated Film Industries, Fort Lee, N.J. 


John W. Servies, National Theatre Supply, New York, N.Y. 

Kenneth Shaftan, J. A. Maurer, Inc., New York, N.Y. 

Raymond J. Spottiswoode, Stereo Techniques, Ltd., London, England 
Charles L. Townsend, National Broadcasting Co., New York, N.Y. 


Current Literature 


T. G. Veal, Eastman Kodak Co., Rochester, N.Y. 


The Editors present for convenient reference a list of articles dealing with subjects cognate to motion 
picture engineering published in a number of selected journals. 


Photostatic or microfilm copies of 


articles in magazines that are available may be obtained from The Library of Congress, Washington, 
D.C., or from the New York Public Library, New York, N. Y., at prevailing rates. 


American Cinematographer 
vol. 34, Aug. 1953 
The Motion Picture Research Council 3-D Cal- 


culator (p. 373) A. J. Mill 

3-D in Industrial Film Production (p. 374) 
B. Howard 

Covering Spot News for Television (p. 378) 


R. Renick 
vol. 34, Sept. 1953 


A Stereo Camera for Two-Strip 16mm 3-D 
Photography (p. 428) F. Foster 

Cinepanoramic—New French Anamorphic Lens 
(p 434) A. Rowan 

Wide Screen for 16mm 
Forbes 


Movies (p. 436) J. 


Audio Engineering 
vol. 37, Sept. 1953 
A New Volume Visualizer (p. 30) N. Prisament 
Handbook of Sound Reproduction. The Power 
Amplifier. Chapter 12, Pt. 3 (p. 36) BE. M. 
Villchur 


Bild und Ton 
vol. 6, July 1953 
Die Leistungsgrenzen der Fotoapparate (p. 195) 
Hiittman 
Ein neuer Densograph (p. 212) A. Erlenbach 


British Kinematography 
vol. 23, July 1953 
The Presidential Address (British Kinemato- 
graph Society) (p. 8) B. Henri 
The Use of Film in Television Production (p. 
13) J. Athans 
vol. 23, Aug. 1953 
Process Projection in Colour 


Pt. 1. Introduction and Physical Aspects (p. 
33) R. 1. Hoult 

Pt. 2. The Preparation of Colour Plates for 
Stull Projection (p. 36) M. E. Harper 

Pt. 3. Process Projection Equipment and 


Techniques Required for Colour 
Films (p. 38) C. D. Staffell 
Some Notes on the British Standard of Screen 
Luminance (p. 43) F. S. Hawkins 
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Electronics 
vol. 26, Oct. 1953 
Television Monitors Rocket Engine Flame (p 
187) F. A. Friswold 


Das Film-Technikum 
vol. 4, Sept. 1953 
Erste CinemaScope-Vorfijhrung in Deutschland 
(p. 194) 
Franzésisches 
(p. 198) 
“Wide Screen” verursacht Normenkrise (p. 199) 
W. Griindorf 
Anamorphotische Optik fiir Kino-Breitschirm- 
projektion (p. 201) 


Panoramaverfahren “‘Sonoptik” 


Home Movies and Cine Photographer 
vol. 20, Sept. 1953 
16mm Wide Screen Available Now (p. 358) 


Institution of Electrical Engineers, Proceedings 

vol. 100, Pt. 1, Sept. 1953 

Special Effects for Television Studio Productions 
(p. 288) A. M. Spooner and T. Worswick 


International Photographer 
vol. 25, Sept. 1953 
Dark Thoughts on the New (p. 5) J. T. de Kay 
16mm 3-D Camera (p. 8) F. A. Parrish 
The Superscreen is Here to Stay (p. 12) C. W. 
Dudley 


International Projectionist 
vol. 28, Aug. 1953 
Stereoscopic Projection and Photography (p. 5) 
R. A. Mitchell 
Converting Theatres for CinemaScope (p11) 
vol. 28, Sept. 1953 
Does CinemaScope Have the Answer? (p. 5) 
T. L. Burnside 
Stereoscopic Projection and Photography (p. 9) 
R. A. Mitchell 
Color TV...and How it Works! (p. 14) J. 
Morris 
How to Check for—and Get 
at the Screen (p. 16) 


Maximum Light 
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Motion Picture Herald 
vol. 193, Oct. 10, 1953 
Theatre Built for 3-D and Wide-Screen (p. 14) 
Sizing the Picture for “‘Wide-Screen’”’ (p. 16) 
B. Schlanger 
Functional Lighting of Auditoriums (p. 20) S. 
McCandless 
Philips Technical Review 
vol. 15, No. 1, July 1953 
A Large-Screen Television Projector (p. 27) 
J. Haantjes and C. J. van Loon 
Photo-Technik und Wirtschaft 
vol. 4, Oct. 1953 
Exakte oszillographische Messungen der Arbeits- 
weise von Kamera-Synchronkontakten (p. 
392) J. Czech 
Radio and Television News (Radio-Electronic 
Engineering Edition) 
vol. 50, Sept. 1953 
Visual Proof of Performance Measurements (p 


14) R. D. Chipp 


New Members 


Looking at Tubes. Picture Reproducing Tubes 
for Color Television (p. 22) W. B. Whalley 


RCA Review 
vol. 14, Sept. 1953 

A VHF-UHF Television Turret Tuner (p. 318) 
T. Muramaki 

A Comparison of Monochrome and Color Tele- 
vision with Reference to Susceptibility to 
Various Types of Interference (p. 341) G. L. 
Fredendall 

Technical Signal Specifications Proposed as 
Standards for Color Television (p. 359) 


Tele-Tech 

vol. 12, Sept. 1953 
Final NTSC Color TV Standards (p. 63) 
Magnetic Recording (p. 81) M. Camras 


vol, 12, Oct. 1953 
Flexible TV Studio Intercom System (p. 79) 
R. D. and R. F. Bigwood 


The following members have been added to the 
designations of grades are the same as those used 


Honorary (H) Fellow (F) 


National Theatre 
Ave., Los 


Aspaas, S. J., Salesman, 
Supply, 1961 South Vermont 
Angeles 7, Calif. (A) 

Aufhauser, Fred E., Manufacturer, Projection 
Optics Co., Inc., Rochester, N.Y. (A) 

Bass, Robert, Film Producer, Bass Films, Inc 
Mail: 923 Fifth Ave., New York, N.Y. (M) 

Berk, Milton, Chief Projectionist, Capitol 
Theatre. Mail: 492 Oakdene Ave., Ridge- 
field, N.J. (M) 

Bower, Wilford W., Technical Representative, 
W. J. German, Inc., John St., Ft. Lee, N J. 
(A) 

Brewer, W. Lyle, Supervisor, Physical Standards 
and Services Section, Color Technology 
Division, Eastman Kodak Co. Mail: 275 
Sagamore Dr., Rochester, N.Y. (A) 

Brooks, William N., Executive Vice-President, 
In Charge of Production, McGeary-Smith 
Laboratory. Mail: 2K Northway, Green- 
belt, Md. (A) 

Brush, John M., Electronic Engineer, A. B. 
DuMont Laboratories, Inc. Mail: 35 Bel- 
mont Ave., Clifton, NJ. (M) 

Burgess, George, Sound Supervisor, Alliance 
Film Studies, Ltd. Mail: Flat 6, 72 Notting 
Hill Gate, London, W. 11, England. (A) 

Burns, Robert E., Technical Consultant, W. J. 
German, Inc. Mail: 2340 Linwood Ave., 
Fort Lee, N.J. (A) 

Cameron, Donald F., ‘Television Engineer, 
Storer Broadcasting Co., (WSPD-TV). Mail: 
1619 Milburn Ave., Toledo 6, Ohio. (A) 

Cedrone, Nicholas J., Mechanical Engineer, 


Active 


The 


Society’s rolls since those last published. 
in the 1952 Mempersuip Direcrory 


(M) Associate (A) Student (S$) 


Artisan Metal Products, Inc., 73 Pond St, 
Waltham 54, Mass. (A) 

Chambers, Maude L., Art Programs for Color 
TV. Mail: 1901 Jackson St., Amarillo, Tex. 
(M) 

Chapman, Christopher M., Film Producer. 
Mail: 293 Roxborough St., East, Toronto, 
Ontario, Canada. (A) 

Clark, Thomas C., Jr., Electrical Engineer, 
Hughes Aircraft Co. Mail: 5381 Village 
Green, Los Angeles 16, Calif. (M) 

Cope, Gerald B., Mechanical 
AFMTC, Technical Systems 
Patrick Air Force Base. Mail: 
Circle, Melbourne, Fla. (M) 

Dougherty, Joseph T., Salesman, Raw Stock 
Sales, E.I. du Pont de Nemours & Co., Inc., 
248 W. 18 St., New York, N.Y. (M) 

Elms, Charles D., Motion-Picture Producer. 
Mail: 163 Highland Ave., North Tarrytown, 
N.Y. (M) 

Evenden, W. Lewis, Television Engineer, 
WMBR-TV. Mail: 22—10 Ave., North, 
Jacksonville Beach, Fla. (M) 

Getze, Walter F., Television Engineer, KLAC- 
'V. Mail: 198 South Commonwealth Ave., 
los Angeles, Calif. (M) 

Gubbins, L. J., Sound Recording Engineer, 
Compania Shell de Venezuela Ltd., Apartados 
409, Caracas, South America. (A) 


Engineer, 
Laboratory, 
58 Vesta 


Hanley, Francis Xavier, Broadcasting and Tele- 
vision Studio Engineer, Bremer Broadcasting 


Corp. Mail: 647E.14St.,New York. (M) 
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Hayes, John D., Optical Engineer, Bausch & 
Lomb Co., Rochester 2, N.Y. (M) 

Hazard, §. J., Importer, A. Hazard Co. Mail: 
7 Lexington Ave., New York 10, N.Y. (A) 

Heinzman, Lewis C., Radio-Television Engi- 
neer, McClatchy Broadcasting Co. Mail: 
1930 Seventh Ave., Sacramento, Calif. (A) 

Huether, George F., Television Studio Techni- 
cal Supervisor, U.S. Navy Special Devices 
Center. Mail: 95 Falmouth PI, Albertson, 
Long Island, N.Y. (A) 

Hughes, John F., Film Editor, Movietonews, 
Inc., 460 W. 54 St » New York, N.Y. (M) 
Jacobs, George, Television Engineer, National 
Broadcasting Company. Mail: 1802 E. 21 

St., Brooklyn 29, N.Y. (M) 

Jansen, Paul W., Sales Manager, Minnesota 
Mining & Manufacturing Co., 900 Fauquier 
Ave., St. Paul, Minn. (M) 

Jansky, C. M., Jr., Radio and Electronic 
Engineer, Jansky & Bailey, Inc., 1339 Wis- 
consin Ave., N.W., Washington, D.C. (M) 

Kivell, Donald W., Head, Camera & Stage 
Branch, U.S. Naval Photographic Center. 
Mail: 120 East Hunting Towers, Alexandria, 
Va. (A) 

Kooser, H. L., 
Service, lowa 
(A) 

Kyburz, L. C., Director of Physical Properties, 
Jefferson Amusement Co. Mail: 2685 Hazel 
St., Beaumont, Tex. (M) 

Landry, Robert William, Chief, Training Film 
Unit, NSA Defense Dept. Mail: 25 South- 
down Rd., Alexandria, Va. (A) 


Visual 
College, 


Instruction 
Iowa. 


Director, 


State Ames, 


Lavin, Thomas, Motion-Picture Printer, Signal 


Corps Pictorial Center. Mail: 
Brooklyn, N.Y. (A) 

Lindgren, Emanuel O., Equipment Inspector, 
Arabian American Oil Co., Box 1011, Dhah- 
ran, Saudi Arabia. (A) 

Lindow, Walter, Sound Engineer, General 
Theatre Supply Co., Ltd. Mail: Apt. 8, 
31 South St., Halifax, Nova Scotia. (A) 

Lohse, Karl-Heinz, Microscopist and Photog- 

Marathon Menasha, Wis. 


332—42 St., 


rapher, 
(A) 
Lomas, Stanley A., Advertising Vice-President, 
Director, TV Commercial Dept., Wm. Esty 
Co., 100 E. 42 St., New York, N.Y. (M) 
MacAdam, David L., Research Physics, East- 
man Kodak Co., Kodak Park Works, Roches- 
ter 4, N.Y. (A) 
Madery, Earl M., Sound 
Victor Division. Mail: 
Encino, Calif. (A) 
Markley, Charles W., Engineer, Pathe Labora- 
tories, 6823 Santa Monica Blvd., Los Angeles, 
Calif. (A) 


Corp 


Technician RCA 
4847 Alonzo Ave., 


Midorikawa, Michio, Technical Supervisor, 
Daiei Motion Picture Co. Mail: 1262, 
Noborito-cho, Kawasaki-city, Kanagawa-ken, 
Japan. (M) 

Miller, Albert Robert, Sensitometrist, Color 
Corporation of America, 2800 West Olive, 
Burbank, Calif. (A) 

Miller, Franklin C., Engineer, Fairchild Aerial 
Surveys, Inc. Mail: 3635 Kalsman Dr., 
Los Angeles 6, Calif. (A) 

Mills, Kenneth N., Motion-Picture Production 
Technician, U.S. Government. Mail: 2210 
Emerson Ave., Apt. 5, Dayton 6, Ohio. (A) 

Minter, Jerry B., Radio Engineer, Measure- 
ments Corp. Mail: Box #1, Boonton, N.J. 
(M) 

Mitchell, Hubert R., Manufacturer, Hubert 
Mitchell Industries, Inc., Box 690, Hartselle, 
Ala. (M) 

Nagel, George A., Plant Superintendent, Con- 
solidated Film, Main St., Ft. Lee, N.J. (M) 
Peque, Raymond, Motion-Picture Projectionist, 
Supervisor of Shipbuilding, U.S. Navy. Mail: 

65 Liberty St., Lodi, N.J. (A) 

Rauenbuhler, Robert L., Engineering Tech- 
nician U.S.N.S.R.&D.F., Naval Supply Depot. 
Mail: 10 Nesbitt St., Jersey City, N.J. (A) 

Reeves, James J., Television Engineer, Colum- 
bia Broadcasting System. Mail: 1515 Metro- 
politan Ave., Apt. 4B, New York 62, N.Y. 
(M) 

Rejlek, Frank X., Assistant to Producer, Gene 
Lester Productions. Mail: 10702 Holman 
Ave., Los Angeles 24, Calif. (M) 

Seibel, Martin, Operator of Film Service, M. 
Seibel Film Service, Box 625, Industrial 
Branch, Hillside, N.J. (A) 

Sorem, Allan L., Research Physicist, Research 
Laboratories, Eastman Kodak Co., Kodak 
Park, Rochester, N.Y. (M) 

Tourangeau, Raymond G., Sales Supervisor, 
Ansco, 247 East Ontario St., Chicago, Il. 
(A) 

Wilkie, James W., President, Continental Ma- 
chines, Inc., Savage, Minn. (A) 

Wright, Harry G., Mechanical Engineer, Tele- 
vision Projectors, RCA Victor Division, Dept. 
587, Bldg. 10-3, Camden, N.J. (M) 


CHANGES IN GRADE 


Wells, Thomas H., (A) to (M) 
Shamberg, Kurt D., (S) to (A) 


DECEASED 


Kral, Karel B., Director, Manager, Griffin Film 
Enterprises, Griffin Lodge, Betsham, North 
Gravesend, Kent, Engiand. (M) 
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Employment Service 


These notices are published for the service of the membership and the field. They are inserted 


or three months, at no charge to the member. 


Position Wanted 


Motion-Picture Television Technician: 10 yr 
intensive skill and know-how related to 16-35mm 
cinematography, animation, recording (optical, 
tape, disk), editing, laboratory processing practice 
(black-and-white, color); also kinescope record- 
ing techniques; self-reliant; inventive; relocate 
if required; write: CMC, Technical Associates, 
60 East 42d St., New York 17, N.Y. 


Positions Available 


Wanted: Sound Engineer for New York film 
production studio, operation and maintenance on 
optical and magnetic sound equipment;  elec- 
tronics background essential. Send resumé to 
R. Sherman, 858 West End Ave., New York, 
N.Y. 

Technical Photographer, age 27 to 38, for 
senior position with large California industrial 
research organization. Should be conversant 
with contemporary techniques for recording data; 
acquainted with microscopy, graphic arts and 
color processes. Job involves application of 
photographic techniques as experimental tool in 
research projects. Administrative experience 
helpful. Excellent career opportunity for an 
ingenious and inventive person. Retirement pen- 
sion and other benefit plans. Application held 
in strict confidence. Write giving personal data, 
education and experience to Henry Helbig and 
Associates, Placement Consultants, Examiner 
Bldg., 3d and Market Sts., San Francisco 3, 
Calif. 

Sound Engineer: Complete responsibility for 
sound control, including printing, processing, 
maintenance of standards, etc. Tri Art Color 
Corp., 245 West 55th St., New York 19, N.Y. 
Motion-Picture Supervisor, GS-8: Duties as 
Chief of Motion Picture Section to include all 
phases of aeromedical research cinematography. 


The Society’s address cannot be used for replies. 


Experience in planning, directing, lighting, color 
control, recording in single or double-system 
sound. Laboratory work requires experience 
with sensitometric contro! equipment, contact 
printers, automatic processors, Moviola, sound 
synchronization equipment, titlers, etc. For de- 
tailed information write: Photography Officer, 
USAF School of Aviation Medicine, Randolph 
Field, Texas. 

Motion-Picture Sound Transmission Installer 
and Repairer, for the Signal Corps Pictorial 
Center, Long Island City, N.Y.—one at $2.59/hr; 
one at $2.29/hr (40-hr week). Applicants for 
$2.29/hr position must have had 4} yr progres- 
sively responsible experience in the construction, 
installation and maintenance of electronic equip- 
ment, of which at least 14 yr must have been in 
the specialized field of motion-picture film, disk 
or magnetic sound recording or reproducing 
equipment. Applicants for $2.59/hr position 
must have had at least 5 yr responsible experience 
in the design, development and installation of 
electronic equipment, of which at least 2 yr must 
have been in the specialized field of motion- 
picture film, disk or magnetic sound recording or 
reproducing equipment. Must be familiar with 
filter design and transmission testing, involving 
the use of a wide variety of testing and measuring 
devices. Each year of study successfully com- 
pleted in a residence school above high school 
level in electrical, electronic or radio engineering, 
may be substituted for the general, but not the 
specialized experience indicated above, at the 
rate of one scholastic year for each 9 mo. of ex- 
perience. All applicants must be familiar with 
Western Electric and RCA systems. Obtain 
Form SF 57 at any first class Post Office or 
Government Agency; forward or bring com- 
pleted form to Civilian Personnel Division, 
Signal Corps Pictorial Center, 35-11 35th Ave., 
Long Island City, N. Y. 


New Membership Directory 


At the first of this month, dues bills went to members in the United States, with a return 
envelope bearing a clipping of their 1952 Membership Directory listing. Earlier, the 
same was sent to members outside the United States. The returned and corrected clip- 
pings will be the basis for a new directory, scheduled to be Part II of the April Journal. 


SMPTE Officers and Committees: 


The roster of Society Officers and the 
Committee Chairmen and Members were published in the April Journal. 
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Papers Presented 
at the New York Convention, October 5—9 


MONDAY NOON — Get-Together Luncheon 


MONDAY AFTERNOON ~— Basic Principles -Stereophony and Stereoscopy 


W. B. Snow, Consultant in Acoustics, Los Angeles, Calif., ‘Basic Principles of Stereo- 
phonic Sound.” 

D. L. MacAdam, Eastman Kodak Co., Rochester, N.Y., ‘“‘Stereoscopic Perceptions of 
Size, Shape, Distance and Direction.” 


TUESDAY MORNING (Concurrent Sessions ) 
Equipment for Stereophonic Sound Reproduction 


C. C. Davis and H. A. Manley, Westrex Corp., Hollywood, Calif., “An Auxiliary Multi- 
track Magnetic Sound Reproducer.”’ 

J. D. Phyfe, RCA Victor Division, Camden, N.J., and C. E. Hittle, RCA Victor Division, 
Hollywood, Calif., “*A Film-Pulled, Theater-Type, Magnetic Sound Reproducer 
for Use With Multitrack Films.” 

S. W. Athey, Willy Borberg and R. A. White, General Precision Laboratory, Inc., 
Pleasantville, N.Y., ‘‘A Four-Track, Magnetic Theater Sound Reproducer for 
Composite Films.” 

J. K. Hilliard (Moderator), Altec Lansing Corp., Los Angeles, Calif., Panel Discussion 
on ‘Equipment for Stereophonic Sound Reproduction.” 


High-Speed Photography Session 


John H. Waddell, Wollensak Optical Co., Rochester, N.Y., “Critique of High-Speed 
Photography Demonstration Films.” 

J. S. Watson, Jr., S. A. Weinberg and G. H. Ramsey, University of Rochester School of 
Medicine and Dentistry, Rochester, N.Y., ‘Stereoscopic X-Ray Motion Pictures.” 

H. M. Ferree, General Electric Co., Nela Park, Cleveland, Ohio, ‘‘Glow-Lamps in High- 
Speed Photography and Related Applications.” 

Peter Carey, K. C. Halliday and F. B. Terry, Eclipse-Pioneer, Division Bendix Aviation 
Corp., Teterboro, N.J., ““High-Speed Photography of Flame Initiation Phenomena.” 

Isaac S. Goodman, Westinghouse Electric Corp., Lamp Division, Bloomfield, N.J., 
‘‘Application of High-Speed Motion-Picture Photography to Quality and Processes 
Analysis in the Lamp Industry.” 

R. W. Nottorf and W. H. Vinton, E. I. du Pont de Nemours & Co., Inc., Photo Products 
Division, New York. **New Reversal Film Suitable for Normal or Rapid Processing.”’ 

John H. Waddell (Moderator ), Wollensak Optical Co., Rochester, N.Y., “Open Forum 
on High-Speed Photography.” 


TUESDAY AFTERNOON — Laboratory Practices Session 


A. A. Rasch and J. I. Crabtree, Kodak Research Laboratories, Rochester, N.Y., **De- 
velopment of Motion-Picture Positive Film by Vanadous Ion.” 

Samuel R. Goldwasser, Signal Corps Pictorial Center, Long Island City, N.Y..**A Mathe- 
matical Approach to Replenishment Techniques.” 

A. H. Vachon, National Film Board of Canada, Ottawa, Ontario, Canada, **Stainless- 
Steel Developing-Machine Rollers.” 

Walter R. J. Brown, Eastman Kodak Co., Rochester, N.Y., °*A Rapid Scanning Micro- 
densitometer.”” 
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TUESDAY EVENING —Armed Forces —Foreign-Language Conversions 


Thomas Baird, United Nations Headquarters, New York, ‘International Film Audience.” 

Otto Rauhut, Condor Films, Inc., St. Louis, Mo., ‘‘Direct-Positive Variable-Density 
Recording Utilizing Supersonic Bias With Galvanometer-Type Light Modulator.” 

Max G. Kosarin, Signal Corps Pictorial Center, Long Island City, N.Y., ‘‘Preparation of 
Foreign Language Versions of U.S. Army Films.” 

George Lewin, Signal Corps Pictorial Center, Long Island City, N.Y., ‘‘Magnetically 
Striped Loops for Lip-Synchronizing Production.” 

J. C. Greenfield, U.S. Naval Photographic Center, Anacostia, D.C., ‘‘Language Con- 
version, Other Applications; Using a Special 16mm Magnetic Projector-Duplicator.”’ 

E. W. D’Arcy, DeVry Corp., Chicago, IIl., ‘‘A Film-Exchange Foreign-Language Con- 
version Equipment.” 


WEDNESDAY MORNING — Television Film Reproduction, Color and Monochrome 


R. G. Neuhauser, RCA Tube Department, Lancaster, Pa., ‘*Vidicon Camera ‘Tube for 
Film Pickup.” 

H. N. Kozanowski, RCA Victor Division, Camden, N.J., ‘*Vidicon Film-Reproduction 
Cameras.” 

Warren R. Isom, RCA Victor Division, Camden, N.J., ‘‘A Fast-Cycling Intermittent for 
16mm Film.” 

Raymond W. Wengel, Camera Works, Eastman Kodak Co., Rochester, N.Y., ‘A Pneu- 
matic Pulldown 16mm Projector.” 

Ernest H. Traub, Philco Corp., Philadelphia, Pa., *‘New 35mm Television Film Scanner.” 

V. Graziano and Kurt Schlesinger, Motorola, Inc., Chicago, Hl., ‘‘A Continuous All- 
Electronic Scanner for 16mm Color Film.” 


WEDNESDAY AFTERNOON ~— Television Theater, Recording, Lighting 


F. A. Cowan, American Telephone and ‘Telegraph Co., New York, ‘‘ Networks for Theater 
Television.” 

I). J. Parker, S. W. Johnson and L. T. Sachtleben, RCA Victor Division, Camden, N.J., 
‘‘Apparatus for Aperture-Response Testing of Large Schmidt-Type Projection 
Optical Systems.” 

R. M. Fraser, National Broadcasting Co., New York, ““A New 35mm Single-Film- 
System Kinescope Recording Camera.”’ 

William R. Ahern, National Broadcasting Co., New York, ‘* Television Lighting Routines.”’ 


THURSDAY AFTERNOON — Color and Black-and-White Reproduction 


H. H. Schroeder and A. F. Turner, Bausch & Lomb Optical Co., Rochester, N.Y., 
‘Primary Color Filters With Interference Films.” 

Ralph M. Evans and W. Lyle Brewer, Eastman Kodak Co., Rochester, N.Y., ‘‘The First 
and Second Black Conditions.” 

C. R. Anderson, C. E. Osborne, F. A. Richey and W. L. Swift, Eastman Kodak Co., 
Rochester, N.Y., “‘Sensitometry of the Color Internegative Process.” 

A. L. Sorem, Eastman Kodak Co., Rochester, N.Y., ‘“The Effect of Camera Exposure on 
the Tone Reproduction Quality of Motion Pictures.” 


THURSDAY EVENING —Three-Dimensional Film Equipment and Practices 


Chester E. Beachell, National Film Board of Canada, Ottawa, Canada, ‘‘A 35mm Stereo 
Cine Camera.” 

R. Clark Jones and W. A. Shurcliff, Polaroid Corp., Cambridge, Mass., ‘‘Equipment to 
Measure and Control Synchronization Errors in 3-D Projection.” 

W. A. Shurcliff, Polaroid Corp., Cambridge, Mass., ‘‘Screens for 3-D and Their Effect 
on Polarization.” 

l.. W. Chubb, D. S. Grey, E. R. Blout and E. H. Land, Polaroid Corp., Cambridge, 
Mass., ‘‘Properties of Polarizers for Filters and Viewers for 3-D Motion Pictures.” 
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A. J. Cardile and J. J. Hoehn, RCA Victor Division, Camden, N.J., ‘New Portable 
16mm Arc Projector Adapted for 3-D Projection.” 

Raphael G. Wolff, Wolff Studios, Hollywood, Calif., ‘“Three-Dimensional Films for 

Business and Industry.” 


FRIDAY MORNING ~—Recent History of New Techniques—Wide-Screen Methods 


Ben Schlanger (Committee Chairman), Theater Consultant, New York, ‘‘Theater Screen 


” 


Survey. 
Ralph H. Heacock, RCA Victor Division, Camden, N.J., ‘Practical Application of New 
Motion-Picture Techniques Introduced in Theaters During the Past Year.” ’ 


Fred Waller, Cinerama, Inc., New York, ‘* The Cinerama Process.”’ 

John D. Hayes, Bausch & Lomb Optical Co., Rochester, N.Y., ‘*CinemaScope Optics.” 

Edgar Gretener, Dr. Edgar Gretener, A.G., Zurich, Switzerland, ‘‘An Improved Carbon- 
Ave Light Source for Three-Dimensional and Wide-Screen Projection.” 

C. E. Greider, National Carbon Co., Cleveland, Ohio, ‘‘Performance of High-Intensity 

Carbons in the Blown Arc.”’ 


FRIDAY AFTERNOON — General Session 

M. A. Hankins and Peter Mole, Mole-Richardson Co., Hollywood, Calif., ‘Recent 
Development of a Compact High-Output Engine-Generator Set for Lighting Motion- 
Picture and Television Locations.” 

R. J. Youngquist and W. W. Wetzel, Minnesota Mining & Mfg. Co., St. Paul, Minn., 
““Ferrite-Core Heads for Magnetic Recording.” 

J. K. Hilliard (Committee Chairman), Altec Lansing Corp., Los Angeles, Calif., ‘Sound 
Committee Report.” 

J. G. Frayne (Moderator ), Westrex Corp., Hollywood, Calif., Panel Discussion on ‘*Mag- 

netic Head Wear.” 


Meetings 


American Institute of Electrical Engineers, Winter General Meeting, Jan. 18-22, 1954, 
New York 

National Electrical Manufacturers Assn., Mar. 8-11, 1954, Edgewater Beach Hotel. 
Chicago, Il. 

Radio Engineering Show and [.R.E. National Convention, Mar. 22-25, 1954, Hotel 
Waldorf Astoria, New York 


Optical Society of America, Mar. 25-27, 1954, New York 

The Calvin Eighth Annual Workshop, Apr. 12-14, 1954, The Calvin Co., Kansas City, 
Mo. 
Society of Motion Picture and Television Engineers, Central Section, Spring Meeting, 
Apr. 15, 1954, The Calvin Co. Sound Stage, Kansas City, Mo. 
75th Semiannual Convention of the SMPTE, May 3-7, 1954, Hotel Statler, Washington 
American Institute of Electrical Engineers, Summer General Meeting, June 21-25, 1954, 
Los Angeles, Calif. 

Acoustical Society of America, June 22-26, 1954, Hotel Statler, New York 
Illuminating Engineering Society, National Technical Conference, Sept. 12-16, 1954, 
Chalfonte-Haddon Hall, Atlantic City, N.J. 
Photographic Society of America, Annual Meeting, Oct. 5-9, 1954, Drake Hotel, Chicago, 
lll 


American Institute of Electrical Engineers, Fall General Meeting, Oct. 11-15, 1954, 
Chicago, 

76th Semiannual Convention of the SMPTE, Oct. 18 22, 1954 (next year), Ambassador 
Hotel, Los Angeles 

77th Semiannual Convention of the SMPTE, Apr. 17 -22, 1955, Drake Hotel, Chicago 
78th Semiannual Convention of the SMPTE, Oct. 3-7, 1955, Lake Placid Club, Essex 
County, N.Y. 
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Society of Motion Picture and Television Engineers 


40 Wasr 40rn Srrzzt, New 18, N. Y., Ter. LOncaane 5-0172 
Bovcz Nemnc, Executive Secretary 


OPFICELS President 
Herserr Barnerr, 10 East 52d St., New York 22, N. Y. 
Joun G, Frayne, 6601 Romaine St., Hollywood 38, Calif. 
Past-President 
Peter Mote, 941 N. Sycamore Ave., Hollywood 38, Calif. 
iitorial Vice-President 
N. L. Smamons, 6706 Santa Monica Blvd., Hollywood 38, Calif. 
Convention Vice-President 
Joun W, Sexvms, 92 Gold St., New York 38, N. Y. 
Secretary 
; Eowangp S. Sexrey, 161 Sixth Ave., New York 13, N. Y. 
1952-1953 Engineering Vice-President 
Henry J. Hoop, 343 State St., Rochester 4, N. Y. 
Financial Vice-President 
Frawn E. Cast, Jn., 321 W. 44 St., New York 18, N. Y. 
Treasurer 
Barton Kazuzer, RCA Victor Div., Bldg. 15, Camden, N. J. 
GOVERNORS J. E. Amen, 116 N. Galveston St., Arlington 3, Va. 


«1952-3963 F. G. ALBIN, 241 So. Wetherly Dr., Beverly Hills, Calif. 


Gro. W. Corsurn, 164 N, Wacker Dr., Chicago 6, Ill. 
E, W. D’Arcy, 7045 No, Osceola Ave., Chicago, Ill. 
: J. K. Hiuzzarp, 2237 Mandeville Canyon Rd., Los Angeles 24, Calif. 
cs A. G, Jnnszn, Bell Telephone Labs., Inc., Murray Hill, N. J. 
C. E, Herrazacen, 231 N. Mill, Naperville, 11. 
Wriutam H. Orrennauser, Jn., River St. and Charles New Canaan, 
Conn. 
Vauoun C. Suanzr, 6706 Santa Monica Bivd., Hollywood, Calif. 
1963-1984 F. E. Canuson, General Electric Co., Nela Park, Cleveland 1, Ohio 
Gorpon A. Cuamuers, 343 State St., Rochester 4, N. Y. 
L. M. Deanneo, Drawer 791, Hollywood 28, Calif. 
A, Muetier, 4000 W. Olive Ave., Burbank, Calif. 
_ L. Townsenp, 49 Hillcrest Dr., Dumont, N. J. 
Mavcoiu G, Townstzy, 7100 McCormick Rd., Chicago 45, Ill. 


EDITORS Anruur C, Downes, 2181 Niagara Dr., Lakewood 7, Ohio 
D. Max Bearp A. M. J. A. Norimo 
G. M. Best C. W. H. W, Panosoan 
G. R. Crane A. C. Harpy B. D. Praxun 
H. E, Evozxton C. R, Kerra R. T. Van Nowan 
C.H., G. E. Matruews J. H. 
R. Forpyce Mertz D. R. Warre 
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Sustaining Members 
OF THE 


SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS 


C. S. Ashcraft Mfg. Co. 
Audio Productions, Inc. 

The Ballantyne Company 
Bausch & Lomb Optical Co. 


Cinéma-Tirage L. Maurice 

Geo. W. Colburn Laboratory, Inc. 

Color Corporation of America 

Consolidated Film Industries 

Deluxe Laboratories, Inc. 

De Vry Corporation 

Du-Art Film Laboratories, inc. 

E. |. du Pont de Nemours & Co., Inc. 

Eastman Kodak Company 

Max Factor, Inc. 

Federal Manufacturing and Engi- 
neering Corp. 

Fordel Film Laboratories 

General Electric Company 

General Precision Equipment Corp. 


Ampro Corporation 
Askania 


Rad?ont Manufacturing 


Mitchell Camera Corporation 
Mole-Richardson Co. 


Motiograph, Inc. 


Projection Optics Company, Inc. 

Corporation 

Radio Corporation of America, RCA 
Victor Division 

Reid H. Ray Film Industries, inc. 


Reeves Sound Studios, Inc, 
$.0.S. Cinema Supply Corp. 
SRT Television Studios 

Shelly Films Limited (Canada) 


Wilding Picture Productions, Inc. 
Wollensak Optical Company 


} of Amer- 
ica, Inc. 
Allied Artists Productions, inc, 
Loew's Inc. 
Bijou Amusement Company Republic Pictures ze 
Buensod-Stacey, Inc. RKO Radio 4 
Burnett-Timken Research Laboratory Twentieth Century-Fox Film Corp. of 
Century Projector Corporation ielab Laboratories, 
Cineffects, Inc. National Carbon Company 
A Division of Union Carbide and Carbon 
ay National Cine Equipment, Inc. 
National Screen Service Corporation 
National Theaters Amusement Co., 
Neighborhood Theatre, Inc. 
Neumade Products Corp. 
Northwest Sound Service, Inc. 
5 Polaroid Corporation 
Producers Service Co. a 
General Precision Laboratory, i: 
The Hertner Electric Company fd 
J. McAuley Mfg. Co. 
National Theatre Supply The Stancil-Hoffman Corporation ane | 
The Strong Glecivic Company Technicolor Motion Picture Corpora- he | 
W. J. German, Inc. tion 
Guffanti Film Laboratories, Inc. Terrytoons, Inc. 
Hunt’s Theatres Theatre Holding Corporation - 
Hurley Screen Company, Inc. Titra Film Laboratories, Inc. “s 
The Jam Handy Organization, Inc. United Amusement Corp., Lid. 
Kolimorgen Optical Corporation Wenzel Projector Company . 
Lorraine Carbons Westinghouse Electric Corporation 
: March of Time Westrex Corporation a 
Macca Film labo 
Mecca Film Laboratories, inc. 


